





Bulletin 
of 


The Geological Society of America 








VoLuME 57 January 1946 NuMBER 1 
CONTENTS 
PAGES 
Standard of the European Jurassic. By W. J. Arkell..................... 1-34 


Lower Middle Ordovician Stratigraphy of the Shenandoah Valley, Virginia. 
By Byron N. Cooper and G. Arthur Cooper................00...0ceeeeee 35-114 


Contribution to the Petrography of Haleakala Volcano, Hawaii. By Gordon 
A. Macdonald and Howard A. Powers..............0esceeeeecees pase 115-124 





Subscription, $10 per year. 
‘ Publication Office: Mt. Royal and Guilford Aves., Baltimore 2, Md. 

Comm anications for publication should be addressed to The Geological Society of America, Dr. H. R. 
Aldrich, Secretary, 419 West 117th Street, New York 27, N. Y. 


NOTICE.—In accordance with the rules established by the Council, claims for non-receipt of the pre- 
ceding number of the Bulletin must be sent to the Secretary of the Society within three months of the 
date of the receipt of this number in order to be filled gratis. 





Entered as second-class matter in the Post-Office at Baltimore, Md., 
under the Act of Congress of July 16, 1894. 
Accepted for mailing at special rate of postage provided for in Section 1103 
Act of October 3, 1917, authorized on July 8, 1918. 








PAPERS IN PRESS FOR FORTHCOMING ISSUES 


GneEiss Dome at SHELBURNE Fauus, Mass. By Robert Balk 

STRUCTURE AND METAMORPHISM OF THE BELLOWS FALLS QUADRANGLE, NEw HAMPSHIRE 
AND VERMONT. By Fredrick C. Kruger 

PREGLACIAL History oF BERMUDA. By H. B. Moore and D. M. Moore 

GEOLOGY oF A Part oF THE LowER ConcHos VALLEY, CHIHUAHUA, Mexico. By R. E. 
King and W. S. Adkins 

Ienrous aND MeramorPHIC Rocks OF THE SOUTHTWSTERN Part OF THE RAMONA 
QUADRANGLE, San Dieco County, Cauirornia. By Richard Merriam 





Wat RIOP I his 








Th 


F 
C 
R 


ta 
te 














BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 57, PP. 1-34. JANUARY 1946 





STANDARD OF THE EUROPEAN JURASSIC 


BY W. J. ARKELL 





. CONTENTS 

4 Page 

DN x. 5x. cco + Sins tr's, 4 hao 9d ana dah hme eG ME SA Re SS REN s FSR ane een a 1 
ITI soos oS ec ASR) Sa ce SERA a Bids tm ses O bc pee Sse biee oes A eclegen He 1 
pS SE Cee See ME ANG ROE a oye Eee DEORE Senn mA tar EM aA 2 
I 55 6S 5S 4 wih 5cle ra eta iy Break ass PRR OR MIDS Peat ad llpicietuee tae nranst 2 
I 6c: 5: sie sande. winth od Page bRiahEL SSAA Walon eat eae e eee ee 2 
RR ioe gee AULA abt Srclrmens, nicht ot Sy cern el SLR EE Lado ted Onn Be 3 
TEIN oti haokS vin's o5G 0a vin bod oe ba aeiee Mae ceed ne On WE blame lice aie conthekee ina 3 
DOIN, fi Aa 6 Pees shh S55 F DD AVS Sols Uc RT AD ES c CORN aa Tsing a cashes ads 3 
MN IN Fox 5 Soin ss din ws ceiclah dtm ces peoeteseineaia ee ema eas ant a tate aad a eaocees 3 
I CN 6553 4. w Ste, Re ae RA Sud Caine Nate dikin'g Chalk gee Ase oles wb ease ha 5 
IE SI nos as. ccs cine eden feds Memcws oe6 50 as tas einAle Oe aga aced S 
Other criteria suggested for interpretation of the stages.............. 0. ccc cece eee eeee 9 
MI, a5 gi8 CEES DEEEEN GREED CPO LEAR AED PMG AU aoa Ne ped eNO Oe dod adr eaee a ee 10 
Peete ak ETRE ROOD 5a 5 55 9's Fas es Fh Qa OA as bo teks duties - 10 
I A Bin areiss trie gee Re spies asi bate hse ae ap Seaboda ote R eed 11 
Upper Jurassic of the Northwestern European province...............0..0 eee cece ee eeee 14 
Upper Jurassic of the Jura Chain (Bavaria-Switzerland-France).....................04. 16 
Upper Jurassic of the Alpine-Mediterranean (Tethyan) Province........................ 17 
Upper Jurassic of Central Russia (“Boreal Province”)... ............ cece cece ee eens 23 
Cis NN ss oi ia. 33a So Ss ee ohne 00:46 ed eo enceeds x65 Ghee 28 
WI 5s Sock paren n Che's Lead ce ke ronan aca ecen a a te me See ERE rota 28 
FRE FOIE Ee OM Pe CM Terie 30 
EE eae aan I pM BE LE Se SPE AME fey PRM lp RY ase 30 

ABSTRACT 


The author advocates that the International Geological Congress should be asked 
to set up an International Commission on Stratigraphical Nomenclature charged with 
formulating a Code of Rules analogous with that which has brought order into zoo- 
logical nomenclature. In this paper he proposes a draft Code of Rules and shows 
with what results it can be applied to the European Jurassic. 


INTRODUCTION 


Under the title Standard of the Jurassic system Dr. Siemon W. Muller (1941) pub- 
lished a courageous attempt to reconcile the conflicting opinions on the classification 
of the Jurassic system in Europe and to evolve a standard sequence acceptable to all 
workers in and outside Europe. Muller’s tables will be found especially valuable for 
reference, and thorough consideration has been given to his scheme of classification. 

Muller envisages that “future research might necessitate slight changes” in his 
tables, and he proposes that at some future date the scheme should be put to the In- 
ternational Geological Congress for its formal approval and recommendation. There 
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will be general agreement that this is the body which should eventually act; but before 
any approach is made to the Congress stratigraphers should consider very carefully 
what it is that they want to ask it todo. Most important is the question whether the 
Congress should approve and recommend (and thereby presumably standardize with 
legal authority) a ready-made scheme of nomenclature previously thrashed out by 
independent geologists, or whether they should be asked only to formulate a Code 
of Rules for geological nomenclature, in the same way as the International Zoological 
Congress long ago did for zoological nomenclature through its International Com- 
mission. 

It might be highly undesirable to invest with legal authority any ready-made 
scheme of stages and zones, however carefully and conscientiously worked out, for 
no one is infallible (Marcou, 1898), and future research would almost certainly produce 
moreand more differences of opinion and show up more and more errors in the stereo- 
typed scheme. If, however, the Congress were to restrict itself to promulgating a 
Code of Rules, all future research, by objective application of the Rules, would lead to 
a progressively closer approximation to the ideal scheme desired, as has undoubtedly 
been the case in zoological nomenclature. (For the history of the setting up of the 
International Commission of Zoological Nomenclature by the Zoological Congress 
and the gradual working out of the scheme, see Hemming, 1943.) 

It might be found that rules giving good results in one geologic system were unsuit- 
able for another system, and eve tually it would have to be decided whether a com- 
promise code for all systems wculd be preferable to variations adapted to each sys- 
tem. (The serious difficulties over pirority in stage names in the Eocene, for instance, 
would require consideration: see Wrigley and Davies, 1937.) For this reason it 
would be desirable for the Congress to start with a committee for each geologic sys- 
tem. When these preliminary committees had reported, their representatives could 
be formed into a general committee charged with reconciling conflicting reports and, 
if possible, hammering out a scheme applicable to all systems. 

The governance of stratigraphic nomenclature by the rule of priority was advocated 
by one of the greatest masters of Jurassic stratigraphy, M. Neumayr, over 70 years 
ago (Neumayr, 1873, p. 228). 
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PROPOSED CODE OF RULES 


STATEMENT OF PROBLEM 


The problems of stratigraphic nomenclature are akin to those of zoological nomen- 
clature. An approximation to uniformity of usage has been achieved in zoological 
nomenclature by the adoption of a Code of Rules. By analogy it is now suggested 
that the following rules could, with advantage, be adopted by stratigraphers in order 
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to produce standard sequences of stages and zones for at least the Jurassic and Cre- 
taceous systems. 


RULES FOR STAGES 


(1) Stage names to be formed on place names, either modern or classical, and to 
end in -ian (French, -ien). (Rule 1 corresronds to the binomial rule in zoo- 
logical nomenclature.) (a) Two stage nz ‘ot to be derived from the same 
place: e.g., Bolonian and Bononian (Bononia = Boulogne) cannot exist side by 
side, nor Bathonian and Bathian, Semurien, Sigemurien. In such cases the 
later variant to be regarded as a “‘stillborn homonym”’ of the earlier. 

(2) Rule of priority of publication (subject to Rule 3). 

(3) Backward limit in time to be the year 1850. (Rule 3 corresponds to that which 
makes 1758 the starting point of binomial nomenclature in zoology.) 

(4) Suspension of the rules to be resorted to by agreement in special cases where 
the letter of the law would cause unnecessary confusion or where “household 
words” would unnecessarily have to be replaced (as in zoologic nomenclature). 


RULES FOR ZONES 


(1) Zonal indices to be single ammonite species. (Exceptions would have to be 
made for certain formations, such as the Chalk.) 

(2) Rule of priority of publication, subject to the index species in nautiins (a) 
occurring in the faunal province for which it is required to be used; and (b) 
being appropriate (i.e., not excessively rare nor of excessively long vertical 
range). 

(3) Publication of a zonal index to be strictly interpreted as dating from its first 
citation coupled with the word “zone”. (Many indices appeared in the litera- 
ture long before as indices of beds only; e.g., Gigas-Schichten, Couches @ Am- 
monites plicatilis). 

(4) Subsequent renaming of a fossil not to deprive it of its priority as a zonal in- 
dex. (E£.g., the index species of Oppel’s Mutabilis zone (1863) was Ammonites 
mutabilis D’Orbigny, subsequently renamed A. pseudomutabilis De Loriol 
(1874) because found not to be the A. mutabilis of Sowerby; the name of the 
zone is therefore the Pseudomutabilis zone, although it had in the meantime 
sometimes been called after another species, the Eudoxus zone. Nor is the 
true A. mutabilis Sowerby thereby disqualified from becoming index of another 
zone, the Mutabilis zone of Salfeld, 1913). 

(5) Suspension of the rules in special cases (as in Stage Rule 4). 


STAGES 
D’ORBIGNY’S STAGES 


The stratigraphic work that corresponds to Linnaeus’ Systema Naturae (10th ed., 
1758) is unquestionably D’Orbigny’s Paléontologie Francaise, Terrain Jurassique, 





1 When the earlier stage name is itself an invalid synomym and the later name formed on the same place is sufficiently 
distinct to obviate confusion, the latter might well be allowed: ¢.g., Carixian (from Carixa, Charmouth, Lang 1913) should 
not be invalidated by Charmouthian Meyer Eymar (1864), a synonym of Pliensb:aian, Oppel (1858). 
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(vol. i, Céphalopodes, 1842-51) in which the stages and zones were first enunciated 
and a complete stratigraphic system worked out for the Jurassic. The cataclysmic 
bias of D’Orbigny’s work cannot invalidate its results. The relevant part of the book 
is the Résumé géologique: division des terrains jurassiques en étages’ (p. 600 to end) 
which was published in 1850. (SEE Sherborn, 1899.) This year should, therefore, 
be taken as the starting point of stage and zonal momenclature; for, although some 
of the stage names were mentioned in earlier pages, published from 1842 onwards, 
they were not defined until the Résumé of 1850. 

The stages and zones of the Jurassic and Cretaceous were recapitulated in con- 
venient summary form, and in some cases amplified, in D’Orbigny’s Cours élémentaire 
de paléontologie et de géologie stratigraphiques vol. ii, 1852, and elucidation of the 
paleontologic contents of the stages can often be found in the Prodrome de paléonto- 
logie stratigraphique universelle vols. i and ii, 1850. Before these works were pub- 
lished some names ending in -ien had been used adjectivally as long ago as 1829 (e.g., 
Brongniart’s ““Marnes havriennes”). Others had been used with entirely different 
scope from that given them by D’Orbigny and understood ever since (e.g., Brong- 
niart’s Oxfordien, 1829, covered the whole Middle Jurassic and was so used by Marcou 
and others before 1850; D’Omalius d’Halloy first used the term Bathonien in 1843 
as synonymous with the German Dogger.) To attempt to unravel and revert to 
these ancient meanings would produce only chaos. Before 1850 knowledge of the 
formations was not sufficiently advanced for s.age names of lasting value to be in- 
troduced. 

For the whole Jurassic and Cretaceous, D’Orbigny used only two stage names 
which have to be rejected under Rule 1 (that stage names must be formed on place 
names)—namely, Liasien and Corallien, and both have already been discarded by 
almost universal consent. Liasien was long ago replaced by Pliensbachian (Oppel, 
1858). Corallien, applied to a facies of the Upper Oxfordian and Kimeridgian, was 
also rejected by Oppel, and is unnecessary. D’Orbigny’s lowest Jurassic stage, the 
Sinemurian, being disproportionately large, has been deprived of its lowest zones, 
which were separated as the Hettangian by Renevier in 1864. With these three 
amendments D’Orbigny’s stages for the Jurassic and Cretaceous stand as follows. 
They represent a well-balanced scale of subdivisions and every name has been con- 
tinuously in use to this day. 


DanrAn (Denmark) 
SENONIAN (Senones, modern Sens, France) 
TERRAINS TuRONIAN (Turonia, modern Touraine, France) 
CRETACES CENOMANIAN (Cenomanum, modern Le Mans, France) 
ALBIAN (Alba, modern Aube, France) 
ApTIAN (Apt, Basses-Alpes, France) 
NEocoMIAN (Neocomum, modern Neufchatel, Switzerland) 
PORTLANDIAN (Portland Island, England) 
KiIMMERIDGIAN (Kimeridge, Dorset, England) 
OxForDIAN (Oxford, England) 
CALLOVIAN (Callovium, modern Kellaways, Wilts, England) 
| Baruontan (Bath, England) 
|BayociaNn (Bajoce, modern Bayeux, France) 


TERRAINS 
JURASSIQUES 





Staak 








STAGES 


1 ToarciANn (Toarcium, modern Thouars, France) 
TERRAINS PLIENSBACHIAN (Pliensbach, Wiirttemberg, Oppel, 1858) 
JURASSIQUES | StvemvrtAn (Sinemurium, modern Sémur, France) 
( HETTANGIAN (Hettange, Lorraine, France, Renevier, 1864) 


It can still be said for the Jurrassic as it was said by Toucas (1882, p. 155) for the 
’ Cretaceous, that “D’Orbigny’s stages seem to fulfil all the conditions required, and 
they have the extra advantage of having been accepted by nearly all geologists.”’ 
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SUBDIVISION OF THE STAGES 


If these stages could be agreed upon as the standard, henceforth there would be no 
harm in the local use of other smaller stages which may be more convenient locally, so 
long as it is clearly understood that they represent subdivisions of a second order of 
rank: e.g., Aalenian for the Lower Bajocian of Wiirttemberg, Domerian for the Upper 
Pliensbachian of England, where it happens to coincide with the Middle Lias and so 
t is more convenient than Pliensbachian which straddles Middle and Lower Lias. 
. Generally, however, the division of D’Orbigny’s stages into Lower, Middle, and Upper 

should suffice for precision in comparing known deposits or dating new ones in other 
continents. It seems that nothing is gained by referring to the Bedoulian and Gar- 
gasian rather than the Lower and Upper Aptian; but the substages of the Neocomian 
(Valanginian, Hauterivian, Barremian) are so well established in the literature. that 
an Opinion might be rendered authorizing them to be used where suitable ammonitif- 
erous deposits exist. 
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INTERPRETATION OF THE STAGES 


a oe 


D’Orbigny gave three classes of criteria for the recognition of each stage, strati- 
graphic, paleontologic, and lithologic: 

(1) According to the “superposition”’ it is the Oxfordian stage. 

(2) According to the fossils it is the Scypheenkalk, etcetera ..., and the zone of 
5 Ammonites cordatus, Plicatula tubulifera, etcetera. 

e (3) According to the lithologic composition it is the Terrain a chailles etcetera. 

3. Of these the first seldom contributes anything to the identification, and thus we are 
- almosi always left with (2) and (3) only. The troubles begin where D’Orbigny under 
(2), names zonal ammonites which have since been proved to occur in formations 
other than those he listed in (3)—in other words when his criteria under (2) and (3) 
areinconsistent. Before a standardized system of stages can be recommended, agree- 
ment will have to be reached as to how such inconsistencies should be reconciled. 
The first impulse of the “modern” is probably to be guided by paleontology and to 
ignore the stratigraphic data. Since the stages are founded on strata and named 
after places, each based on a type locality, it is more logical to define the stages by 
the formations rather than by the fossils. The latter were more easily subject to mis- 
identification, and there is a separate time scale of zones based upon them. 

The classic instance of ambiguity arises over the demarcation between the Port- 
landian and the Kimmeridgian. Before we follow Muller and discard the Portlandian 
stage on account of its ambiguity (a procedure in any case excluded by the rule of 
priority here advocated) it is well to examine the criteria given by D’Orbigny. Be- 
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cause he listed as fossils of the Portlandian stage Ammonites (now Gravesia) irius, A. 
gigas, and A. gravesianus, characteristic of the ““Portlandkalk”’ of the Germans and now 
known to occur in the Middle Kimeridge Clay at Kimeridge, many authors restrict 
the Kimeridgian to equivalents of the Lower Kimeridge Clay and consider the rest 
Portlandian. However, D’Orbigny in founding the Portlandian stage clearly stated, 
“I derive this name from the Isle of Portland, England, where the first type-section 
has been described . . . It is the Portland Stone and Portland Sand of Fitton.” Fur- 
ther, in founding the Kimmeridgian stage he stated, “I have derived this name from 
the village of Kimmeridge [Kimeridge], England, where the type-section has been 
described ...It is... the Kimmeridge Clay and the Weymouth beds of Fitton.” 
(D’Orbigny, 1850, p.610) There ishere noambiguity. The Gravesiae were included 
among the Portlandian fossils purely on account of misidentification with Portland 
Stone ammonites, probably because of the similar matrix. It seems absurd to per- 
petuate the error by redefining the scope of D’Orbigny’s stages to suit it—a piling up 
of fresh errors upon the old. Moreover, perhaps by an intuitive afterthought in 
which he glimpsed the truth, D’Orbigny classed the German Portlandkalk (i.e., the 
Gigas beds) in the Kimmeridgian and not in the Portlandian. 

Thus Muller’s proposal to discard the Portlandian stage should be rejected em- 
phatically. He proposes to substitute for it the term Bononian as used by Pavlow in 
1896 for the Portland beds plus the Upper and Middle Kimeridge Clay, without 
mentioning that Pavlow’s was a misuse of an earlier and almost identical term, Bo- 
lonian, differing by only one letter and founded upon the same place (Bononia or 
Bolonia, Boulogne-sur-Mer). The Bolonian stage was introduced by Blake (1881, 


p. 581) 


“for the series of deposits which overlie the true Kimmeridgian or Virgulian, and underlie the true 
Portland Beds ... These Bolonian beds admit of twofold subdivision . .. In the Boulogne area the 
two parts here distinguished have been called the ‘Lower and Middle Portland’.” 


Thus Blake’s Bolonian stage was introduced expressly to distinguish the beds from 
the Portlandian stage which Muller now wishes us to include under an almost identi- 
cal, but later, term. Moreover, Pavlow does not seem to have deliberately changed 
the spelling to suit a new meaniag, or even to have realized that he was misusing 
Blake’s term. Subsequently some authors (e.g., De Lapparent 1906, p. 1257) have 
used Pavlow’s form Bononian in Blake’s sense. The term is therefore highly ambig- 
uous and covers only beds already named more than 30 years earlier. 

Muller also recommend that the “Bononian”, together with Pavlow’s ‘“Aqui- 
lonian” (= Purbeckian of Brongniart, 1829, e¢ auct.) should rank as substages of 
Oppel’s Tithonian stage, introduced in 1865. According to the rules here recom- 
mended, Tithonian is invalid because not formed upon a place name (Tithon was the 
spouse of Eos (Aurora), goddess of the dawn). Used in so many senses that it is 
now almost meaningless, the term Tithonian is based on the peculiar Mediterranean 
facies and in its original denotation has too wide a scope to be incorporated in our 
modern table, since it embraces most of the Kimmeridgian, the whole Portlandian, 
and the Purbeckian. It might be thought that the last word had been said upon this 
ancient controversy by De Lapparent (1906, p. 1259), who wrote in summary: 
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*™ “Thus the Tithonian stage did not constitute a new member of the Jurassic system, a sort of ‘post- 
Portlandian’ stage, as some authors have understood it; rather, the name should properly be used to 
designate the uniform facies of a whole series of beds, which differed greatly frem the contemporaneous 
strata deposited in the north.” 


It is, in fact, purely a facies term for the Tethyan deposits, spanning from the Lower 
Kimmeridgian to the top of the Jurassic. (See Haug, 1898; for further details of the 
Tithonian, see later discussion.) 

Another complication is that D’Orbigny included the Purbeck beds in the Neo- 
comian, regarding them as Cretaceous. If the rules here recommended are adhered 
to, however, and no new stages subsequent to D’Orbigny’s are admitted, this diffi- 
culty solves itself automatically. Since the Purbeck beds are now regarded as 
Jurassic and have to be ejected from the lowest Cretaceous stage, they descend 
automatically into the highest Jurassic stage and become the Upper Portlandian. 
This solution was long ago arrived at by Maillard (1884, p. 144) who monographed 
the French Purbeck Beds, and it has been familiarized by the principal European 
textbooks, such as those of De Lapparent (1906, p. 1257) and Haug (1921, p. 1081). 
If a separate substage name is felt necessary for the Purbeck beds, which occur at 
intervals from Oxford to the Jura Mountains and locally exceed 500 feet in thick- 
ness, the obvious choice is the time-honored name Purbeckian, which has been in 
almost constant use (¢.g., Geikie, 1885, p. 799; Haug, 1921, p. 1081; De Loriol and 
Jaccard, 1865, for the French and Swiss Jura, and all subsequent monographs on 
that region). Before Purbeckian could be adopted as an officially recommended 
sub-stage, however, a suspension of the rules would be necessary, for the first post- 
D’Orbignyan stage name for the Purbeck beds is Dubisian, a name never since 
used, and deliberately passed over even by the monographers of the Purbeck Beds 
in the type locality of Doubs in the French Jura. (Desor, 1859, quoted in De 
Loriol and Jaccard, 1865; Maillard, 1884; 1886). 

Muller recommends that the name Aquilonian (Pavlow in Pavlow and Lamplugh, 
1892, p. 192, restricted by Pavlow, 1896) should be used instead of Purbeckian. 
The justification usually put forward for this name is that stage names should 
always be based upon a type locality where the beds are developed in marine facies. 
But the placing of the Aquilonian above the Portland beds, as equivalent to the 
Upper Tithonian, assumes correlation with the Purbeck beds, which, moreover, are 
partly marine even in England and have, in the Jura Mountains, yielded fragments 
of ammonites which H. Douvillé and Kilian considered Upper Tithonian forms 
(Maillard, 1886, p. 9, Pl. i, fig. 1). Pavlow himself (1896) wrote “Aquilonian 
(= Purbeckian)”. If this assumed correlation is correct, a separate name becomes 
unnecessary. In any case Aquilonian is invalidated by two of the rules here advo- 
cated: (1) It is not formed on a place name (Aqguilo, Latin, means the north wind); 
and (2) it is practically a synonym of Ardescian (Ardesca = Ardéche, France), 
introduced by Toucas (1890, p. 564, 570) for most of the marine Upper Tithonian 
in Neumayr’s and Kilian’s sense; i.e., by Toucas’ original definition the zone of 
Berriasella calisto and B. privasensis, or the beds below the Cretaceous (Berriasian) 
Boissieri zone and above the zone of Subplanites contiguus (Catullo) (Table 3). 
A further objection to Aquilonian is that it was originally introduced with much 
wider scope, to include the Neocomian Polyptychites beds which Pavlow later (1896) 
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realized were Cretaceous. Even as restricted (1896) it includes the Cretaceous 
Ryasan beds. It ig almost a synonym of, and shares the shortcomings of, Mayer- 
Eymar’s Berriasian, which was defined as embracing both the Purbeckian and the 
Lower Valanginian. The sooner both cease to be used the better. 

Another line of demarcation that has been disputed is that between the Callovian 
and Oxfordian stages. Formerly, (1933) the present author maintained that the 
Callovian should comprise only the Kellaways beds of Kellaways, Wiltshire, and that 
the whole of the Oxford Clay of Oxford should be included in the Oxfordian; however, 
he has come to the conclusion that this would be wrong. The case is not analogous 
with Kimmeridgian and Portlandian, for, in spite of the implications of the names, 
D’Orbigny’s type localities are not Kellaways and Oxford but Yorkshire. At that 
date too little was known of the development of the beds at either Kellaways or 
Oxford to enable D’Orbigny to make them type sequences. The Kimeridge Clay 
and Portland beds of Dorset had been elucidated and described by Fitton (1836) 
and by Buckland and De La Beche (1836), but the only adequately detailed 
authority for the Kellaways beds and Oxfordian was Phillips’ Geology of York- 
shire (1829, 2d ed. 1835). D’Orbigny (1850, p. 608) clearly stated of the 
Callovian: ‘It is the Kelloway-Rock, Phillips’; and of the Oxfordian: 
“Tt is...the Oxford Clay, the Calcareous Grit, the Coralline Odlite, 
Phillips, Yorkshire; the coral rag Sowerby.” The south of England is not mentioned. 
There is, therefore, no ambiguity, for it has long been known that ‘“‘Kelloway Rock” 
of Phillips in Yorkshire (including William Smith’s better-named Hackness Rock) 
includes the zones up to the Lamberti zone, and that the Oxford clay on the York- 
shire coast, described by Phillips, begins with the Mariae zone. The line of division 
should, therefore, be drawn between the Lamberti and Mariae zones, which is where 
it has always been drawn in the Russian literature and much of the German, including 
the recent revisions by Krenkel (1915) and Brinkmann (1927 et cetera), which are 
the most important relevant works of the present century. In the French literature 
also the Lamberti zone has sometimes been placed in the Callovian (e.g. by Wohlge- 
muth, 1881, p. 276, in an important paper). D’Orbigny listed both Ammonites 
lamberti and A. mariae as Callovian fossils, but this is another case where the placing 
of a fossil is inconsistent with the clearest stratigraphic indications, in this instance 
not only for the type locality, but also for adjoining countries; for the Mariae zone 
constitutes the ‘““Marnes oxfordiennes” of Thurmann, Gressly, Thirria, and Marcou, 
which were placed by D’Orbigny in the Oxfordian stage, while in Normandy nothing 
above the Argile de Dives(= Lamberti zone) was placed in the Callovian. 

The lines of demarcation between the Bajocian and Bathonian, and between the 
Bathonian and Callovian stages cannot be so readily settled, for D’Orbigny’s strati- 
graphic statements are less clear. He defined the Bajocian as not only comprising 
the Odlithe de Bayeux but also the Marnes de Port-en-Bessin in Normandy and the 
equivalent Fuller’s Earth in England as well as the Inferior Odlite of Dundry (‘“‘type 
anglais”). The Bathonian was defined as the Great Odlite, Forest Marble, Stones- 
field Slate and Cornbrash of England. It is now known, however, that the Fuller’s 
Earth with its banks of Ostrea acuminata is much older in the east and south of the 
Paris Basin (Parkinsoni zone) than in Normandy and England, and so the inclusion 
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of the Anglo-Norman Fuller’s Earth in the Bajocian was due to miscorrelation by 
lithology. In Dorset, also, limestones of the Zigzag subzone (top of the Parkinsoni 
zone) pass laterally into Fuller’s Earth clays. In order to bring the definitions of the 
Bajocian and Bathonian into line with the almost universal usage of nearly a century 
(initiated by Oppel), it is necessary to detach from the Bajocian the bulk of the 
Marnes de Port en Bessin (excepting the basement beds of marly limestone a few 
inches thick) and place them and the bulk of the English Fuller’s Earth in the Bath- 
onian. Support for this may be derived from D’Orbigny’s -including some of the 
Fuller’s Earth, which he believed to be post-Bajocian, in the Bathonian—‘“‘les marnes 
4 Ostrea acuminata de Mm. Thurmann et Thiria” (D’Orbigny, 1850, p. 607)—and by 
his mentioning Ostrea acuminata as a zone fossil of the Bathonian. Nevertheless the 
procedure required to justify the established usage is at variance with D’Orbigny’s 
statements regarding the type locality, Normandy, and is inconsistent with that 
advocated above for the settlement of the scope of the Callovian to Portlandian stages, 
and should be the subject of a special Opinion. An Opinion on this boundary line is 
very desirable in any case, since some authorities (e.g., Wetzel, 1924) have gone to the 
other extreme and expanded the Bathonian to include the Garantiana and Niortense 
zones, a procedure for which there is no historical justification. 

A somewhat similar difficulty, though on a smaller scale, arises over the boundary 
between the Bathonian and Callovian. D’Orbigny placed the Cornbrash in the 
Bathonian, but at that time it was not known that only the Lower Cornbrash contains 
Clydoniceras discus, one of his zone fossils for the Bathonian, while the Upper Corn- 
brash (to which belongs all the Cornbrash of Yorkshire) belongs to the Macrocephalus 
zone, which he, and practically every subsequent stratigrapher, regarded as basal 
Callovian. Here again the advance of knowledge has produced a conflict between 
D’Orbigny’s stratigraphic and paleontologic criteria, but in this case it seems that the 
stratigraphic adjustment is so trivial, involving only a small part of the Cornbrash 
limestone in certain (not all) districts of England, that an Opinion ought to be promul- 
gated to retain the Macrocephalus zone in the Callovian in accordance with ancient 
usage. It has been Callovian since Oppel’s time, and D’Orbigny himself stated that 
he doubted whether the ammonites recorded as A. macrocephalus and A. herveyi from 
Bathonian rocks were the same species as the typical Callovian forms—a remark since 
fully justified, for the ammonites referred to were Morrisiceras, now known to 
be a Bathonian genus.? 

Since the stages of the Lias are all named after French and German type localities, 
settlement of any adjustments that may be required in the Lias is primarily the re- 
sponsibility of specialists familiar with those countries. No great divergencies from 
Muller’s recommendations are to be expected. 


OTHER CRITERIA SUGGESTED FOR INTERPRETATION OF THE STAGES 


The only other criterion that has been seriously advocated for selecting and inter- 
preting the stages is ‘‘usage’”’ (Muller, 1941, p. 1431). Usage, however, varies from 





2? That the true macrocephalus and herveyi occur only in the Callovian was already pointed out by Hébert (1857, p. 39, 
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country to country and from generation to generation. Who is to pronounce judg- 
ment on what usage is? Is it to be decided upon the number of papers following a 
particular arrangement, when it is French custom to publish perhaps four short notes 
on one season’s work in a single quarry, and German custom to collect observations 
extended over many years into a weighty treatise? Or are the authors to be awarded 
marks according to their supposed prestige? Any scheme based upon such a founda- 
tion seems unlikely to give universal satisfaction and is bound to be subjective. 


ZONES 


THE PURPOSE AND LIMITATIONS OF ZONES 


Arbitrary settlement of zones by priority or any other rule is not so easy, because 
(1) the zonal indices must be appropriate, which old species named up to 90 years ago 
often are not, and (2) by their nature zones are not of universal application. A stage 
is an artificial concept transferable to all countries and continents; but a zone is an 
empirical unit. If the zonal index species and its associated fauna are absent we 
cannot record the zone as present. Therefore, a zonal table must have specific refer- 
ence toa particular area. European stratigraphers have devoted nearly a century to 
attempting to correlate the Jurassic deposits of the four areas—Northwestern Europe, 
the Jura Chain, the Alpine-Mediterranean Province, and Russia, and by no means all 
the difficulties have yet been solved. Both for stratigraphic work within each of these 
areas and as a preliminary basis for ultimate correlation between them, it has been 
found necessary to evolve a separate zonal table appropriate to each area. Muller 
recognizes the difficulties of correlating these areas but recommends a composite zonal 
standard “pending further research”. But surely, pending attainment of these ul- 
timate objectives, a composite zonal scheme begs all the questions and should be 
avoided. 

If we mix the zonal tables built up in different provinces we thereby depart from 
the factual basis of the science and obtain a misleading, synthetic result. The so- 
called zonal succession shown in Muller’s Table 1 does not represent any actual suc- 
cession of zones anywhere and consequently is unusable in any area. If anew Upper 
Jurassic deposit is discovered, for instance, in the American continent, its discoverer 
will want to compare its ammonite fauna with actual described successions in the type 
areas, not with an unreal, synthetic table of zones. The affinity of his new fauna with 
a faunal province of Europe will be one of the most important things he wishes to 
establish, and to do this he must know the actual succession of zones in each of those 
provinces. Moreover, every new fauna so described and compared is a potential 
source of new light on the old problems of correlation within Europe. For general 
dating there are already the stages. Comparison of new faunas with zones should be 
with actual zones in a particular province. 

In summary, zones are units of more restricted function than stages. Attempts to 
give them universal application are misdirected; such attempts merely make zones 
synonymous with subdivisions of stages and at the same time deprive them of their 
special qualities as the basis of correlation from one province to another. 

Therefore, the rule of priority should be applied in the choice of zonal indices, 
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subject to two overriding provisoes: (1) the index species must be appropriate—not 
too long-ranged nor too rare; and (2) it must belong to the faunal province for which 
the zone is to be used. 


THE HISTORY OF ZONAL TABLES 


Zones were first introduced into geology by D’Orbigny in his works of 1850 and 
1852, but only as paleontologic second names for stages. Each stage was regarded as 
the zone of two or more ammonite species, without any suggestion that they were suc- 
cessive species within the stage. 

It was Oppel, in his famous book, Die Juraformation, (1856-1858), who first 
propounded a scale of zones in the modern sense—many successive zones to each 
stage. His table for the Lower Jurassic (Lias) and Bajocian has stood the test of 
time so well that it is used almost unchanged to this day (Table 1). A few blanks 
have been filled in here and there, and there has been much subdivision, but on the 
whole the table is so free from controversy that no more will be said here about the 
zones of the Lower Jurassic and Bajocian; especially since the zones of the Lias have 
been the subject of a special paper by Spath (1942), whose amendments are incor- 
porated in Table 1. 

The Bathonian Oppel (1862, p. 146, 148) provided with only one zone, that of 
Oppelia aspidoides, for the Cornbrash, and this was adopted by his pupil, Waagen, in 
his first work (1864, p. 91). Shortly afterwards Waagen (1869) added Parkinsonia 

ferruginea for the Lower Bathonian, apparently adopted from Schloenbach (1865, p. 
29, 30). Neumayr (1871b, p. 48), on the other hand, preferred Oppelia fusca for the 
Lower Bathonian, but this index is antedated both by Parkinsonia ferruginea* and by 
Procerites quercinus, the latter introduced by Terquem and Jourdy (1869). None of 
these indices is appropriate for Northwestern Europe, and both oppelids were rejected 
by Lissajous (1923) as useless in the MAconnais, on the south side of the Paris basin. 
The present author has studied the English Bathonian for 20 years and also knows 
that of northern France, but he is still not satisfied as to the succession of ammonite 
species or their vertical ranges, even within that area. The only firm zone is that of 
Clydoniceras discus for the Lower Cornbrash at the top—one of D’Orbigny’s original 
indices (1852). With this exception, the Bathonian zones should not yet be finally 
crystallized.‘ 

The Upper Jurassic is still more difficult to zone, for in this period the faunal pro- 
vinces became strongly differentiated. As Waagen (1864, p. 98) wrote, “‘The higher 
we climb in the Jurassic series the greater become the difficulties, either of recognizing 
or separating individual beds, or of correlating”. Oppel at first (1856-1858) provided 
only four zones for the Upper Jurassic: Macrocephalus, Anceps, Athleta (borrowed 
from D’Orbigny), and Biarmatus; but later (1862-1863) he added five more: Trans- 
versarius, Bimammatus, Tenuilobatus, ‘Mutabilis’ (= Pseudomutabilis), and 
Steraspis. These, hotvever, with only three exceptions (Macrocephalus, Athleta, 
“Mutabilis”), were based on southwest Germany and the neighboring countries in 
the Jura chain, on the margin of the Tethyan privince, and are not applicable to the 





3 For difficulties in the interpretation uf P. ferruginea see Wetzel, 1911, p. 200, and Dorn, 1927. 
‘4 Macrocephalites herveyi (cf. Muller, 1941, Table 2) is a fossil of the Upper Cornbrash, Macrocephalus Zone, Callovian. 
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northwest European province, in which are the type localities of all D’Orbigny’s 
Middle and Upper Jurassic stage names. 


THE UPPER JURASSIC OF THE NORTHWEST EUROPEAN PROVINCE 


The first comprehensive zonal scheme for the Upper Jurassic of northwest Europe, 
omitting the Callovian and Lower Oxfordian, was propounded by Salfeld (1913; 
1914). Notwithstanding some errors of stratigraphy and correlation, later corrected 
by Chatwin and Pringle (1922), Neaverson (1924), and others, Salfeld’s table provides 
a firm framework for the highest stages of the Jurassic of this region, comparable with 
Oppel’s table for the Lias and Bajocian. In the Standard Sequence given in the 
right-hand column of Table 1, Salfeld’s indices are retained wherever possible. (See 
the column alongside.) The exceptions are as follows, from the top downwards: 

Salfeld’s Pallasianus zone was in several respects inadequate. The Portlandian 
part may equate with the Scythicus zone in Poland and Russia, but the index fossil 
identified on the Dorset coast has had to be renamed (Zaraiskites albani® Arkell sp., 
1935, p. 334, 339), and it is advisable to retain this separate zonal index for northwest 
Europe pending further investigation. The Kimmeridgian part of Salfeld’s Pal- 
lasianus zone (340 feet thick on the Dorset coast) has been subdivided by Neaverson 
(1924). 

Salfeld’s Miatschkoviensis zone was based on misidentification of Subplanites spp. 
with Russian forms which are certainly later. P. miatschkoviensis Vischniakoff is a 
Dorsoplanites, a genus only doubtfully represented outside the boreal province in the 
English Pallasioides zone (Hartwell Clay). 

Salfeld’s Irius zone has been shown by Roll (1932) to be the same as the ancient 
Gigas Zone of both northwest and southwest Germany and the Paris basin, which was 
so called as long ago as 1868 in France (De Loriol and Cotteau, 1868) and was known 
as the Gigas beds in Germany at least since 1864. (See Schloenbach, 1865, p. 44.) 
The old name should take priority, although in France the fossil,.so-called, was 
generally that later renamed Gravesia portlandica (De Loriol) (a particularly unfor- 
tunate specific name). The first recognition of two Gravesia horizons, with “Trius 
beds” at the top, was made in the Haute Marne (De Loriol, Royer and Tombeck, 
1872). 

Salfeld subdivided Oppel’s ‘“Mutabilis” (= Pseudomutabilis) zone (Oppel, 1863, 
p. 252), but it is doubtful whether A. yo is of chronological value. So far no suces- 
sion within the Awlacostephanus beds has been established, although they exceed 300 
feet in thickness in Dorset, where they are almost the same, lithologically and paleon- 
tologically, as on the Lower Volga (Pavlow, 1886). Careful collecting of the crushed 
impressions may one day prove fruitful, however. Fortunately Oppel’s index species, 
A. pseudomutabilis (De Loriol), although first applied to the Swiss Jura, is highly 
appropriate. He later (1865b) used A. eudoxus (D’Orbigny) in theArdéche. Both 
species antedate Aspidoceras caletanum (Oppel), used by De Loriol, Royer, and 
Tombeck (1872). Like A. lallierianum, D Orbigny’s (1852) index, and A. acanthi- 





5 Provirgatites Lewinski, 1923, is said to be a synonym of Zaraiskiies Semenow (Spath, 1936, p. 29), but I have not been 
able to obtain Semenow’s paper. 
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cum, all these numerous species of A spidoceras seem to have long ranges, besides being 
difficult to identity. For this reason, too, De Loriol, Royer and Tombeck’s zone of 
Aspidoceras orthocera (D’Orbigny), also founded for the Haute Marne and used by 
Hébert (1873) at La Rochelle, should not be retained merely on account of priority. 
As first used by De Loriol, Royer and Tombeck (1872), it embraced everything from 
the Pictonia zone to part of the Pseudomutabilis zone, and it was adopted by Hébert 
(1873) and Douvillé (1881) for other parts of the Paris Basin only in a restricted sense, 
for which Salfeld’s index, Rasenia mutabilis (Sowerby, not D’Orbigny), is much pref- 
erable. 

Hébert (1873) recognized Cymodoce beds at La Rochelle, and Douvillé (1881) used 
a Cymodoce zone in his table of the zones of the Paris Basin. It may eventually be 
found expedient and more in scale with the northwestern European zonal scheme, as 
a whole, to retain this zone with three subzones: the true Cymodoce subzone in the 
middle, Salfeld’s zone of Pictonia baylei at the base, and a third subzone of Rasenia 
uralensis (D’Orbigny) at the top. 

For the uppermost Oxfordian there is still a similar lack of finality in our knowledge, 
and it is too early to attempt to standardize zonal indices. De Loriol, Royer and 
Tombeck (1872) in the Haute Marne recognized two zones above the Plicatilis zone, 
which they referred to as the Achilles beds (above) and the Marantianus zone (below). 
Hébert (1873) identified the same sequence on the Atlantic coast at La Rochelle. 
Douvillé (1881) adopted both ammonites as zonal indices for the Paris Basin. Sal- 
feld (1913) subdivided the Achilles zone into his zones of Ringsteadia pseudocordata 
above and Decipia decipiens below, adding Decipia achilles as alternative index to the 
Decipiens zone, although he recognized that De Loriol, Royer and Tombeck (1872, 
p. 64, Pl. iv, fig. 2) had figured Ringsteadia frequens Salfeld from their Achilles beds 
(sub Ammonites schilli). Ammonites achilles D’Orbigny is not a very satisfactory 
index at present, as no types are to be found®, but at least as used by De Loriol and 
others it belongs to the genus Decipia. Here again it may be decided eventually to 
retain the Achilles zone and recognize Salfeld’s Decipiens and Pseudocordata zones 
as subzones, perhaps with a third Variocostatus subzone between them. 

Ochetoceras marantianum (D’Orbigny), used as zonal index by De Loriol, Royer 
and Tombeck (1872) and by Douvillé (1881), was first tentatively proposed by Oppel 
(1862, p. 159) for southwest Germany, but dropped the next year and incorporated 
in his Bimammatus zone (Oppel, 1863, p. 165). This oppelid is quite unsuitable for 
the northwestern European province, in which it prob:bly does not occur. The 
equivalent beds contain no Ochetoceras in Britain or northwestern Germany or the 
adjoining parts of France. Salfeld’s new index, Perisphinctes wartae Bukowski, (Sal- 
feld, 1913, p. 429) however, was misidentified and has.had to be renamed (P. cau- 
tisnigrae Arkell 1935-1945, p. 57, pl. xiii). Salfeld’s alternative index, A moeboceras 
alternans (Von Buch), is as unsuitable as O. marantianum, for the same reasons, and is 
preoccupied for quite different beds in Russia (Nikitin, 1884; see Rosanov, 1918). 

The Plicatilis zone was so named at least as early as 1878 (Hudleston), and this 
index has been used by the British Geological Survey almost ever since (Woodward, 
1895); and in France the equivalent zone was known long before as the Plicatilis lime- 





¢ Before the war Dr. J. Cottreau kindly searched for types on the author’s behalf in Paris, but without success, 
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stone or Plicatilis beds (e.g., by Hébert, 1857, p.55). It includes the Antecedens and 
Martelli zones of Salfeld’s tables (1913; 1914). While Perisphinctes antecedens Sal- 
feld may possibly be used as a subzonal index for the upper part of the zone, P. mar- 
telli (Oppel) (= P. plicatilis D’Orbigny in part, not Sowerby) has not been found in 
the northwestern province. (See Arkell, 1935-1945, p. 70, 101; 1936, p. 150-151.) 
This and the remaining zones of the Oxfordian and Callovian have been discussed in 
detail elsewhere (Arkell, 1936; 1939; 1941). In every case the column on the right in 
Table 1 embodies the earliest valid and appropriate index known to the writer for 
each zone. Fourofthemarefrom D’Orbigny. The date at which each is believed to 
have been first proposed as a zonal index will be found in the third column from the 
right. Quenstedtoceras lamberti (Sowerby) seems to have been first used as a zonal 
index by Hébert (1860), and Q. mariae (D’Orbigny) by Douvillé (1881), though 
Hébert (1857, p. 44) wrote of a Lamberti and Athleta bed. Lamberti and Cordatus 
were already adopted for Switzerland, and the Ardéche by Oppel (1865b) and also 
Jason and “Ornatum” for Southwest Germany by Neumayr (1871, p. 520). The 
indices for the necessary subdivisions of Oppel’s Macrocephalus and Anceps zones 
are taken partly from D’Orbigny (1852) and partly from Buckman (1913). Reinec- 
keia anceps cannot be used as a zonal index in Northwestern Europe because not only 
this species but all reineckeids are extremely rare, and the very few specimens that 
have been found are distributed between the Koenigi and Lamberti zones inclusive. 


THE UPPER JURASSIC OF THE JURA CHAIN (BAVARIA-SWITZERLAND-FRANCE) 


In the left-hand column of Table 2 are shown the zones proposed by Oppel for the 
Upper Jurassic of this province. The highest five were first published in 1862-1863 
(p. 159, 163, 165, 173, 175, 252). Oppel had planned, and partly completed in manu- 
script, an exhaustive study of the Upper Jurassic rocks when his work was cut short 
by early death. Only a small part, dealing with the zone of Ammonites transver- 
sarius, was published posthumously, under the editorship of Waagen (Oppel, 1866). 
To judge by this fragment, Oppel himself did not intend his new zones to apply to the 
Northwestern European province, for he made no reference to that region in this 
connection, although he dealt exhaustively with most of the parts then known of the 
Tethyan province. Muller’s recommendation (1941, Pl. 1), therefore, that we should 
now use, not even Oppel’s historic zonal scheme, but a doctored version of it, for all 
areas, is unacceptable. 

Moreover it will be seen from Table 2 (herewith) that this region is unsuitable to 
provide a universal zonal standard of the Upper Jurassic, for two reasons. In the 
first place, the Upper Callovian and Lower Oxfordian stages are so condensed that 
several zones, each embracing several subzones in Northwest Europe, are either 
wanting or their faunas are sparsely represented and more or less mingled, so that 
Oppel at first confused the Lamberti, Mariae, and Cordatus zones under his Biarma- 
tus zone. Secondly, the Southwest German stratal record is very incomplete in 
the upper part. Whether the Ciliata zone represents the Upper Portlandian (“Aqui- 
lonian’’), as believed by Schneid (1915) and Muller (1941), or the Lower Portlandian 
as believed by Spath (1933, p. 851), or some part of the Upper Kimmeridgian 
(‘‘Bolonian’’) as believed by Roll (1932), much must be missing. 
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Most of Oppel’s zones have been found too broad for detailed work even in South- 
west Germany and other parts of the Jura chain. For Switzerland (Aargau) 
Oppel himself (1863, p. 163) adopted the zones of Anceps, Athleta, Lamberti (from 
Hébert, 1860), Cordatus (from D’Orbigny, 1852; Hébert, 1860) and Perarmatus. 
For Southwest Germany Neumayr (1871b, p. 520) tabulated the zones of Macro- 
cephalus, Jason (from D’Orbigny, 1852), Ornatum, Lamberti, anc Cordatus. In 
Table 2 are shown the working zones now used in Southwest Germany, compiled 
from Reuter (1927), Schneid (1914; 1915), Beurlen (1927), and Roll (1932; 1933), 
with the probable correlation with Northwest Europe in the column on the right. 

These “working zones” for the Jura chain seem to be just as important as Salfeld’s 
zones in Northwest Europe, though, in order to keep them in scale with the zones 
of the Lower Jurassic and Bajocian, they would have to be regarded as subzones of 
Oppel’s original zones as shown in the left-hand column of Table 2. This considera- 
tion in turn points to Salfeld’s zones of the Upper Jurassic being out of scale with 
Oppel’s for the Lower Jurassic and Bajocian, and it might be advocated that the 
Northwest European Upper Jurassic zones should be regrouped as subzones of 
fewer, broader zones to balance Oppel’s. Such a move in the interests of uniformity, 
however, would be a retrograde step, for the broader zones would be of correspond- 
ingly less use—in fact, too vague to be of any real value. 





THE UPPER JURASSIC OF THE ALPINE-MEDITERRANEAN (TETHYAN) PROVINCE 


In this province the divergences towards the top of the Jurassic become still more 
marked. The Callovian and, especially, the Oxfordian at least locally admit of de- 
tailed correlation with Northwestern Europe, by way of the Rhone Valley, rather than 
with Bavaria. Thus at La Voulte in the Rhone Valley south of Lyons there is typical 
Upper Oxford clay with pyritized ammonites showing a succession of Lamberti, 
Mariae, Praecordatum, and perhaps Cordatum zones, as in Southern England, al- 
. though mixed with many Phyllocerates (Sayn and Roman, 1928-1930). It is signifi- 


we Se 





“ cant that Oppel (1865b), in his pioneer study of this area, used the Lamberti and 
” Cordatus zones, borrowed from D’Orbigny and Hébert in the Northwest Province, 
“ rather than his own Biarmatum zone based on Southwest Germany. Still more 
d remarkable, at Cetechowitz in Moravia, the isolated occurrence of so-called Cordatus 
beds in one of the Pennine klippes (Neumayr, 1870; Neumann, 1907) contains a 
fauna of perisphinctids and cardiocerates almost identical with those in the lower part 
to of the Plicatilis zone (Berkshire odlites) near Oxford, including the zonal index fossil. 
- Above the Oxfordian, however, the succession begins to show more marked signs of 
at differentiation. Instead of the Kimeridge clay there follow the massive, white, pink, 
wd or blue limestones which have puzzled generations of stratigraphers. Up to the 
at Pseudomutabilis zone inclusive, the ammonite faunas are not so different but that 
- correlation with the Bavarian and thence with the Northwest European provinces 
= can be established with certainty, even in such enormous limestone masses as the 
ol Mountain of Crussol (Riche and Roman, 1921) (Table 3).7. But higher up the am- 
an 
ian 7 The writer had the privilege of seeing the classic sections at La Voulte and Crussol and made small representative 


collections, under the guidance of the late Prof. F. Roman in 1936. 
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monite fauna begins to diverge as much as the lithology, and all correlation becomes 
only tentative. Nevertheless, these higher zones are particularly important, because 
here only (unless also in Russia; see below) is there a continuous marine succession 
from the Jurassic into the Cretaceous. 

Accordingly, the post-Oxfordian part only of the Upper Jurassic is shown in Table 
3. The problems center inevitably around the Tithonian stage; whether we agree 
with Hébert that the introduction of this stage into geology has been a source of 
nothing but confusion, or with Neumayr, that it was a master stroke, it is essential to 
know what the various protagonists meant by the term, and this is indicated at the 
left-hand side of Table 3. 

Oppel, in introducing the Tithonian (1865a, p. 535-536), defined it clearly as covering 
everything between the Eudoxus zone (= Pseudomutabilis zone) and the lowest 
Neocomian, and he envisaged its probable equivalence with the Solenhofen Schiefer, 
Portland limestone, and Purbeck beds. 

Neumayr, on the other hand (1871b; 1873, p. 228), restricted the Tithonian to the 
beds above his Beckeri zone, which includes several subzones higher than the Pseudo- 
mutabilis zone (see Table 3), and he was followed by Toucas and Kilian in all their 
work on the classic areas in the Ardéche and Basses-Alpes, and by Haug (1898). It 
is, therefore, in this restricted sense that the term Tithonian is most commonly 
used in the literature, and it is still useful as a Jocal stage or group name to serve the 
purpose for which Oppel intended it-—to obviate prejudging correlations that are still 
open’, 

A great boon to future investigators of the still fascinating problems of this region, 
which the introduction of a priority rule would bestow, would be the stabilization of a 
series of zones for the whole area. At present there is no consistency in the use of 
zonal indices. Apparently zones were first proposed for the Tithonian by Neumayr 
(1871b, Jurastudien V, p. 516-517) who suggested Virgatosphinctes transitorius 
(Oppel) for the Upper division and Streblites semiformis (Oppel) for the Lower or 
‘Rogozniker Niveau’. (At the same time he withdrew, on the grounds of inappro- 
priateness, Aspidoceras cyclotum, an index previously suggested by him.) Whether 
Streblites semiformis can be justified on other grounds than priority remains to be 
demonstrated. If not, the next prior index is (?) Lithacoceras geron (Zittel), intro- 
duced by Kilian (1887). Virgatosphinctes transitorius, on the other hand, was 
acclaimed and accepted as index by Hébert (1878, p. 111) and is recorded ubiquitously 
from the Upper Tithonian, by Toucas, Kilian, and other authors, although they in- 
troduced other indices. It offers a happy alternative to these other indices, 
Berriasella calisto (D’Orbigny) and B. privasensis (Pictet), which have been used hap- 
hazardly in the past and have both been alleged to be zone breakers. (See e.g. 
Kilian, 1887, p. 152; 1889, p. 598; 1895, pl. xi; Haug, 1898.) Both have recentiy been 
declared unsuitable, while the two subzones of Delphinensis and Chaperi, recom- 
mended in Muller’s (1941) Table 1, now appear to be not only worthless but upside- 
down (Mazenot, 1939, p. 263). The generic attribution of A. transitorius Oppel here 





8 The author agrees with Muller that there is no justification for still further restricting the Tithonian to Neumayr’s 
Upper Tithonian, a unit already covered for the most part by the term Ardescian (Toucas, 1890). 
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suggested, as also of A. geron Zittel and A. coniiguus Catullo, is liable to revision when 
these groups are monographed.?® 

For the Acanthicus Beds below the Tithonian two zones have been found to suffice. 
The lower has always been recognized to be equivalent to Oppel’s Tenuilobatus Zone, 
and this index might, with advantage, be adopted in order to bring out the correlation 
with the Jura Chain, although first Hébert (1869, p. 590) and then Neumayr (1873, 
p. 221) sought to improve upon it by adopting fresh Indices (Ataxioceras polyplocus 
Reinecke sp. was preferred by Hébert, Phylloceras isotypum Benecke by Neumayr.) 

For the remaining Acanthicus beds, Neumayr (1873, p. 220) introduced the zone of 
Waagenia beckeri Neumayr, defining it as the beds between the Tenuilobatus zone 
and the Lower Tithonian in his restricted sense—.e., below the Lithographicum zone 
of Bavaria and including equivalents of the Pseudomutabilis zone and a large part of 
Oppel’s Steraspis zone. Kilian’s (1895, Pl. xi) zone of Phylloceras loryi and Aspido- 
ceras acanthicum seems to be synonymous with the Beckeri zone. The uselessness of 
A. acanthicum as a zonal index had been demonstrated by Neumayr (1873) and by 
Pavlow (1886). 

The highest zone at which correlation between the Tithonian and other areas can be 
claimed as firmly established is the Lithographicum zone. Taramelliceras lithograph- 
icum (Oppel), the characteristic zonal index of the Solenhofen Plattenkalk in Bavaria, 
was recorded from various piaces in the Lower Tithonian by Neumayr (1873, p. 229- 
230), who fully appreciated its significance for correlation, and it also occurs in the 
pink summit limestone at Crussol (Toucas, 1889, p. 741). So useful and widespread 
is this index, in fact, that there seem good reasons for following Haug (1898) in pro- 
moting it to a separate zone, equal in importance to the Tithonian zones of Semiformis 
(or Geron) and Transitorius. It has been given equal status with the Pseudomutabilis 
zone by Kilian and Guébhard (1905, p. 824) and by Schneid (1915, p. 108). 

Above the Lithographicum zone, correlations between the Alpine-Mediterranean 
province and other provinces are fraught with many difficulties. Although prolific 
ammonite faunas have been figured from the higher beds in Franconia, at Stramberg, 
and elsewhere, there is little exact correspondence between the several provinces, and 
there is much to be said for the old idea of geographical isolation (See Mazenot, 1939, 
p. 271), sometimes scorned by adherents to the dogma of “dissimilar faunas”. The 
most promising line for correlation so far discernible is probably the assemblage of 
giant ammonites which occurs in the Pectinatus zone at the base of the Upper Kim- 
eridge clay-of England and in the “Bolonian” of France. Ammonites apparently 
more or less contemporaneous with these have been figured from Stramberg and an 
exotic block at Teschen (Ammonites seorsus Oppel, in Zittel, 1868, Pl. xxiv, figs. 1, 2), 
from the Tithonian klippe at Niederfellabrunn near Vienna (Pseudovirgatites scruposus 
Oppel sp.; Vetters, 1905, Pls. xxi, xxii), and from the Ciliata zone in Franconia (Peri- 
sphinctes caesposus Schneid, 1915, Pl. xii, fig. 4). Among a large collection of giant 
ammonites collected from the Pectinatus zone near Oxford the writer has detected 
none identical with Vetters’ figures of P. scruposus (Oppel), but the Austrian species 
differs no more from some of the Oxford specimens than they do from one another, 





® Uhlig, author of both genera, assigned A. contiguus Catullo to Virgatosphinctes and A. transitorius Zittel to Aula- 
cosphinctes, but subsequent restriction and designation of lectotypes have materially altered the position. 
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and there is a striking general similarity. On the basis of this collection the con- 
clusion can hardly be resisted (contrary to the opinion of Spath, 1933, p. 845) that the 
Niederfellabrunn Pseudovirgatites beds are at least approximately contemporary with 
the Pectinatus zone. Further, if, as Spath maintains, Buckman’s English genera 
Wheatleyites and Keratinites are to be regarded as subgenera of Pectinatites, then 
Pectinatites itself (Buckman, 1922) should be separated only subgenerically from 
Pseudovirgatites (Vetters, 1905). Such differences may have a purely geographical 
basis, due to partal isolation or merely to great distance, which makes the time of 
dispersal important in relation to the rate of evolution. (See Arkell, 1935-1945, p. 
125, 133, 141.) (A roundabout connection between two seas due to encroaching land 
barriers would have the same effect as great distance.) 

The berriasellids of the Franconian Ciliata zone are regarded by Mazenot (1935; 
1939) as earlier mutations (in the sense of Waagen, not De Vries) of the species in the 
Transitorius zone of Southeastern France, and he dates them to the upper part of the 
Geron zone (Table 3). This seems more likely than that they should be older than 
the Pectinatus zone as believed by Roll (1932, p. 195), although, as already remarked, 
some elements of the Pectinatus zone seem to be represented in the Ciliata zone.” 

These matters of correlation are here treated in some detail because the tables of 
zones recommended in Muller’s paper might mislead those unfamiliar with the litera- 
ture or the European faunas into thinking that the problems are much more nearly 
settled than they really are. 


THE UPPER JURASSIC OF CENTRAL RUSSIA (‘“‘BOREAL PROVINCE”) 


In this province, as in the last, there is tolerable certainty in the correlations with 
Northwest Europe up to the Pseudomutabilis zone inclusive, after which, as in the 
Alpine province, an altogether peculiar set of faunas makes its appearance, and these 
are as difficult to correlate with any others as are those of the Tithonian. For these 
highest Jurassic beds of the “boreal” province, between the Pseudomutabilis zone and 
the base of the Cretaceous, Nikitin in 1881 introduced the term Volga formation, 
which he and others later changed to Volgian." Thus the Volgian is by definition 
the precise equivalent of the Tithonian in stratigraphical position, although the 
faunas of the two have littleincommon. The extreme individuality of the uppermost 
Jurassic rocks in she two regions demands separate terms by which to refer to them as 
a whole, and in this strictly local sense, for which their authors originally introduced 
them, both Tithonian and Volgian will always serve a useful purpose. The crucial 
problems arise from how to correlate the Tithonian and Volgian with one another and 
with the type region of the D’Orbignyan stages in Northwest Europe. 

In Table 4 the classic zones of the Russian literature are shown in the left-hand 





10 Some English Pectinatites also app h closely to the rather more compresse/| group of P. penicillaius Schneid (1915, 
pl. ii, fig. 3), also in the Franconian Ciliata Zone (genotype of Sublithacoceras Spath, 1925). Cf. also Pectinatites aula- 
cophorus Buckman (1923, Pl. CCCLXXXI) and Ammonites senex Oppel (in Zittel, 1868, Pl. XXIII, fig. 1) from Stram- 
berg—but not necessarily from the Stramberg beds proper (Transitorius zone). 

1 Nikitin (1881, p. 36) defined the Volga formation as ‘‘the whole mass of the Jurassic beds that overlie the Oxford Clay 
in Central Russia’, but he included the Alternans zone in the Oxford clay (Table 4), and his Alternans zone probably 
included (locally) Pseudomutabilis beds; the latter were apparently first separated as a distinct zone in Russia by Pavlow 
(1889), 
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column, with their authors and the dates when they were first used as zones. 


In his 


earlier works Nikitin (1881; 1882) referred to his zones as “stages”, so that their in- 


TABLE 4.—U pper Jurassic of Central Russia 


(Based on Nikitin, 1881; 1882; 1884; Pavlow, 1886; 1889; 1907; Lahusen, 1883; Ilovaisky, 1904; 
Borissjak, 1908; Rosanov, 1906; 1918; 1923). 
Double lines indicate gaps in the sequence. 





Russian zones 


Russian fauna 


Correlation (North- 
west Europe) 





Craspedites nodiger 
(Nikitin, 1884) 


Craspedites nodiger, subclypeiformis, triptychus, 
okensis, unshensis, catenulatus, kachpuricus, Ko- 
china schurovskii, etc. 








Craspedites subdi- 
tus (Nikitin, 1884) 


Upper VOLGIAN 


Craspedites subditus, okensis, catenulatus 








Craspedites fulgens 
(Nikitin, 1884) 


Craspedites fulgens, subfulgens, okensis, subdi- 


toides, fragilis 


? Purbeckian 





Titanites blakei 
(Pavlow, 1889) 


Titanites blakei (Pavlow), Kerberites portlanden- 
sis (Cox) and giants cf. gigas (Moscow dis- 
trict). ‘Epivirgatites” nikitini (Simbirsk dis- 
trict) 


giganteus 
okusensis 
gorei 








Virgatites virgatus 
(Nikitin, 1884) 





Zaraiskites scythi- 
cus (Rosanov, 
1906) 





Dorsoplanites dor- 
soplanus (Pavlow, 
1907) 


c 
3 
i) 
> 
4 
~ 
3 
° 
= 


Virgatites virgatus, V. pilicensis, et al. Acuticostites 
acuticostatus 


(wanting) 





Zaraiskites zaraiskensis, Z. quenstedti, Z. scythicus 


albani 





Dorsoplanites dorsoplanus, D. panderi, etc. (Pav- 
lovia pallasi d’Orb. sp. here?) 


pallasioides 





Bituminous shale at Kachpur with Subplanites cf. 
schlosseri (Schneid) (J. F. Blake in Spath, 1923, 
p. 307) 


Subplanites spp 





Aulacostephanus 
pseudomutabilis 
and eudoxus 
(Pavlow, 1889) 


Aulacostephanus pseudomutabilis, eudoxus, sub- 
eudoxus, undorae, subundorae, syrti, kirghisen- 
sis, Amoeboceras subtilicostatum, A. jasikowi, 
Aspidoceras spp., Streblites spp. 


pseudomuta- 
bilis 





Amoeboceras alter- 
nans (Nikitin, 
1884) 


Rasenia fraasiforme, Prorasenia mniovnikense, P. 
cf. stephanoides, Amoeboceras spp. 


cymodoce 
baylei 





Amoeboceras leucum Spath, A. ilovaiskyi Arkell 
(Llovaisky, pl. xi, fig. 2, 7) 


pseudocordata 











Amoeboceras pseudocaelatum Spath (Ilovaisky, 
pl. xi, fig. 6; pl. x, fig. 30) 


decipiens 
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TABLE 4.—Continued 





| Correlation (North- 


Russian zones Russian fauna west Europe) 





Amoeboceras alternoides (Nikitin) cautisnigrae 





Cardioceras zenaidae, zieteni, densiplicatum, va- 
gum, expositum (Ilovaisky, pl. xi, fig. 5), Peri- 
phinctes ss., Kranaosphinctes, Ochetoceres 


canaliculatum eae 
plicatilis 





Cardioceras corda- Cardioceras zenaidae, zieteni, tenuicostatum, Aspi- 
tum (Nikitin, doceras cf. paucituberculatum Arkell 
1884) 





Cardioceras cordatum, C. costicardia (Lahusen, 
pl. v, figs. 5, 3), C. ilovaiskyi Maire (Ilovaisky, | cordatus 
pl. x, fig. 28), Goliathiceras rouillieri, Grossouvria 





Quenstedtoceras pavlowi et al. (Ilovaisky, pl. x, 
figs. 22-25), Card. lahuseni Maire, etc. 


A 





Quenstedtoceras leachi, Q. lamberti, et al., Eboraci- 
ceras (Nikitin, 1881, pl. i, fig. 6), Prorsiceras (pl. i, 
fig. 5), Pachyceras mologae, Kosmoceras spino- 
sum, K. aff. proniae 


Quenstedtoceras 
leachi (Nikitin, 


1881-4) lamberti 








Peltoceras athleta, P. athletoides (Lahusen, 1883, pl. 
x, figs. 5-9); in Donetz, the Peltoceras beds of | athleta 
Berjesowi Ravine, Protopopowka (Borissjak) 





*Cadoceras milas- 
chevici (Nikitin, 
1884) 


Erymnoceras coronatum, Kosmoceras castor, K. | coronatum 
jason or obductum, K. aff. gulielmi, Cadoceras | jason 
tchefkini, C. milaschevici calloviense 








Macrocephalites, Gowericeras, Galilaeiceras, | koenigi 
Chamoussetia macrocephalus 


Cadoceras elatmae 
(Nikitin, 1884) 


pA 
5 
rs 
5 
S 
= 
< 
=~ 
a 
A 
= 
< 
> 
E 














troduction as zones strictly dates only from 1884. (Nikitin, 1884, p. 73). In the 
middle column are listed some important ammonites figured by the Russian authors 
and now given what are believed to be their correct names. In the right-hand column 
are the present author’s correlations, based upon his identifications of the Russian 
figures quoted in the middle column. At the left side of the middle column are shown 
llovaisky’s beds, from his important paper (1904) on the exposures at Novoselki and 
Miatshkovo near Moscow, subdividing Nikitin’s Cordatus and Alternans zones. 

Up to the Pseudomutz'silis zone, correlation is nearly complete, and there would 
seem to be no reason why the Northwestern European zones should not be used as the 
standard for Russia. The old Russian zones are nearly all much too crude to be 
adopted in other regions even where they may have priority (which, however, could 
only be claimed for the two zones of Cadoceras elatmae and A moeboceras alternans; and, 
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as Rosanov (1918) has shown, the latter embraces both Upper Oxfordian and Lower 
Kimeridgian strata (Table 4). Rosanov pointed out that the zones on the Oxfordian- 
Kimmeridgian boundary are more fully represented in Russie than Salfeld supposed, 
but it still seems that the Mutabilis zone is missing (Salfeld, 1914, p. 238). 

Above the Pseudomutabilis zone the only representative of the thick and important 
series of zones which make up the bulk of the Kimeridge clay in the Dorset coast sec- 
tions would appear to be the bituminous shales locally developed at Kachpur 
(Government of Simbirsk) from which J. F. Blake collected a specimen identified by 
Spath (1923, p. 307) as Subplanites cf. schlosseri (Schneid). Elsewhere there seems to 
be a gap embracing the Gravesia, Subplanites, and Pectinatites (and Rotunda ?) 
zones. These, formerly lumped together as the Bleicheri zone (Haug, 1898"), where 
recognized as absent from Central Russia by Pavlow (1892, p. 201) and Rosanov 
(1912, quoted in Sokolov and Bodylevsky, 1931, p. 25). This is a gap much greater 
even than that postulated by Roll (1932) for Northwestern Europe to account for the 
absence of the Bavarian Subeumela, Setatus, and probably Siliceus zones (Bavarian 
Beckeri zone). 

The classification of the Volgian has been carried out in considerably more detail; 
the Russians have introduced seven or eight zones for it as compared with six for all 
the rest of the Upper Jurassic. These zones are shown in the left-hand column of 
Table 4. 

DORSOPLANUS ZONE: (Pavlow, 1907) Generally this zone, characteried by Dorso- 
planites, follows immediately on the Pseudomutabilis zone or lower horizons. A 
measure of the disconformity is indicated by the fact that in England (Spath, 1936, 
p. 76) the only possible representatives of Dorsoplanites occur in the lower part of the 
Pallasioides zone (Hartwell clay) (‘‘Pallasiceras’’ ultimum Neaverson, 1925, p. 20, Pl. 
i, fig. 11). In his folding table, Pavlow (1907, facing p. 84) called this the zone of 
Perisphinctes boidini, a Boulonnais species which he had previously figured from the 
Blakei zone (1889, PI. iii, fig. 12), but in both cases it was almost certainly misidenti- 
fied. (See Michalski, 1890, p.232.) In his text Pavlow (1907, p. 43, 74) used Dorso- 
planites dorsoplanus as zonal index. 

Another valuable datum for correlation would be provided if it could be established 
at precisely what horizon in the Russian sequence the Pavlovia occurs which was 
figured by Michalski (1890, PI. ix, fig. 4) as Olcostephanus pallasi (D’Orbigny). Some 
specimens of Pavlovia hartwellense (Neaverson, 1925, p. 28, PI. ii, fig. 4) from the 
Pallasioides zone of Hartwell, England, are indistinguishable specifically from Michal- 
ski’s figure. 

SCYTHICUS ZONE: (Rosanov, 1906) This is the Quenstedti zone of Pavlow (1907, 
Table facing p. 84), but Rosanov’s index apparently takes priority (Rosanov, 1906; 
1912; 1923). Rosanov and also Sokolov and Bodylevsky (1931, p. 25) equate this 
zone with the Dorsoplanus zone, but both the sequence in England and the occurrence 
of the Scythicus zone in Poland without Dorsoplanites (Lewinski, 1923) support Pav- 
low’s contention that they are two distinct zones. On the Dorset coast, forms hardly 
distinguishable from Zaraiskites scythicus (Michalski) occur in the Emmit Hill marls 
(Lower Portland Beds) well above the Pallasioides zone (Buckman, 1926, Pl. cvlxxv; 





12 Subplanites bleicheri (De Loriol), from the Gravesia zone of Boulogne, is unsatisfactory as a Russian zonal index. 
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Arkell, 1935, p. 339 Pl. xxvi). There may not be specific identity in the strictest sense 
between any Northwest European and Russian species, but provisionally the Albani 
zone of Dorset can be equated with some confidence with the Polish and Russian 
Scythicus zone. 

VIRGATUS ZONE: (Nikitin, 1881-1884) The Virgatus zone sensu stricto has not so 
far been found to have any representative in Northwestern Europe. The Virgatites 
characteristic of the zone are unique. Unless they are subsequently found in the St. 
Albans Head marls and Exogyra beds hitherto classed with the lower part of the Gorei 
zone (Arkell, 1935, p. 334) there is a gap even in the thick Dorset succession. 

BLAKEI ZONE: (Pavlow, 1889) In introducing his zone of Olcostephanus Blakei 
(“Blaki’’) for certain clays between the Virgatus and Fulgens zones of the Moscow dis 
trict, Pavlow (1889, p. 93, Pl. ii) figured two kinds of ammonites from near Moscow— 
the evolute O. blakei Pavlow, and the involute O. triplicatus Blake not Sowerby (= 
portlandensis Cox), side by side with a Swindon specimen identified with the latter 
species, and another Swindon specimen which he considered closely allied and named 
O. swindonensis Pavlow. After coming to England and studying the abundant giant 
ammonites from the Portland Stone of England and the Boulonnais, Pavlow was con- 
vinced that his Blakei zone was the Russian representative of the Portland Stone; so 
much so that later (1896; 1907) he called the Russian beds the Giganteus zone, an 
unfortunate change of name which is better reversed. The Blakei zone is a Russian 
zone, and its age is best considered on its merits under the original Russian designa- 
tion (the holotype of O. blakei is from near Moscow). 

It is easy to decry Pavlow’s correlation of this zone and to emphasize the minute 
points of difference between the few figured Russian and the Northwest European 
ammonites, but to the present writer a least they seem no more than the differences 
between geographical subspecies, and Pavlow’s figures speak for themselves. If his 
“O. triplicatus” does not represent the involute group of Kerberites, and his O. blakei 
the evolute (? Titanites) okusensis (Salfeld), as figured by Buckman (e.g., K. trikranus 
1924, Pl. DXXXV; K? forticosta, 1925, Pl. DXIIIA; K? okusensis (Salfeld)"* 1926, 
Pl. DLXX) and recognized by Spath (1936, p. 34, Pl. xvi, fig. 2; Pl. xx, fig. 4; Pl. 
xxix, fig. 4), at least it still remains for Pavlow’s critics to show what they resemble 
more closely. Pavlow (in Pavlow and Lamplugh, 1892, p. 185) admitted the identity 
between his O. ériplicatus and one of the specimens figured as O. lomonossovi by Mi- 
chalski (1890, Pl. x, fig. 2), but the exact horizon of this specimen was not given by 
Michalski, although (p. 449) he recorded O. lomonossovi as commonest in the Virgatus 
beds. The equivalents of the Blakei zone are more likely to be found in or above the 
Nikitini zone of the Simbirsk region, which likewise overlies the Virgatus zone. This 
is the “Beds with Perisphinctes nikitini’”’ of Michalski (1890, Pl. xiii) and the Nikitini 
zone of Haug’s table (1898). It was equated with the Blakei zone by Pavlow himself 
(1889, p. 112);—Pavlow’s Perisphinctes biodini (of 1889, not 1907) from the Simbirsk 
district being P. nikitini, (See Michalski, 1890, p. 232.) Some of the specimens (evi- 
dently belonging to several species) figured by Michalski as Perisphinctes nikitini 
bear a strong resemblance to ammonites of equivalent size in the Gorei zone in Eng- 





4 Buckman on this plate named K. okusensis as genotype of Kerberites, but the genotype had been designated by him 
in 1924 as K. kerberus (Pl. DXX). 
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land. If the Nikitini and Blakei zones are the same, Blakei is the prior zonal index for 
Russia. 

Pavlow intended to monograph the Northwestern European and Russian Port- 
landian ammonites. Until this is done, his correlation and especially his remarks in 
the Argiles de Speeton (in Pavlow and Lamplugh, 1892, p. 184-185) should be accepted. 
The following may be quoted (in translation): 

“A study of the medium-sized ammonites from the English Portland Stone and the corresponding 
beds in the Boulonnais on the one hand, and the Blakei Zone of Russia on the other, has convinced me 
that the fauna is the same, although up till now the resemblance has escaped notice. This is because 
the giant forms found in the Portland Stone and sometimes at Boulogne attracted more attention than 
the neglected middle andinner whorls. In Russia, on the contrary, collectors have generally made for 
the small specimens and neglected the large, which are for the most part crushed or in fragments, 
difficult to extract, and very heavy. In this way the English museums have grown rich in giant 
ammonites from this zone; but in Russia the same forms are to be seen, not in the museums, but on the 


surface of the slabs of Aucella-sandstone dissected by the Volga near Polivna and Kachpur (Govt. of 
Simbirsk), and in a brown friable sandstone which overlies the Virgatus beds near Moscow.” 


FULGENS ZONE: (Nikitin, 1881-1884) Concerning the number of Craspedites zones 
recognizable in the Upper Volgian there is some disagreement. The writer retains 
the Fulgens zone, in spite of Pavlow’s (1889, p. 92) opinion that it cannot be separated 
from the Subditus zone, because it is one of Nikitin’s original zones and be- 
cause Pavlow himself (1889, p. 91) shows Craspedites (Kachpurites) fulgens in a sepa- 
rate bed between the Blakei and Subditus beds at Miovniki near Moscow. 

SUBDITUS AND NODIGER ZONES: (Nikitin, 1884) Pavlow (1889, p. 85, etc.), used as 
alternative zonal indices Craspedites okensis (D’Orbigny) and C. (K.) kachpuricus, 
but Nikitin’s original indices take priority and seem appropriate and adequate." 


Pavlow (1907, table) also has a separate Kachpuricus zone between Nodiger and 


Riasanensis. 


THE JURASSIC-CRETACEOUS BOUNDARY 


Muller (1941, Table 1) follows Pavlow (1896, p. 548) in including the zone of Ber- 
riasella (Riasanites) riasanensis in the Jurassic, but this is generally regarded as a 
heresy and has still less justification now that Kilian’s report of B. riasanensis (Lahu- 
sen) in the Upper Tithonian (Transitorius zone) of Southeast France (Kilian, 1895, 
p. 684) has turned out to be based upon a misidentification (Mazenot, 1939, p. 262). 
The Ryasan beds are almost universally correlated with the zone of Berriasella bois- 
sieri (with B. malbosi'®) and placed at the base of the Cretaceous (e.g., Salfeld, 1914, 
Table IT; Kilian, 1895, Pl. xi; Mazenot, 1939, p. 25). Even Pavlow changed his mind 
when he placed the Riasanensis zone in the Jurassic, for in 1892 (in Pavlow and 
Lamplugh, p. 194) he thought it Neocomian. 


FORMATIONS 


The formations and other lithogenetic rock units are, as it were, the bricks out of 
which the whole structure of stratigraphy is built up. They were the earliest to be 





4 The Okensis zone of Muller’s Table 1 is thus a synonym of the Subditus zone shown as overlying it. 
15 The Malbosi zone of Muller’s Table 1 is a synonym of the Cretaceous Boissieri zone, not part of the ‘‘Privasensis 


zone” as shown. 





FORMATIONS 29 


named and defined and are still the working units for cartography, water supply, and 
other economic uses, and all local stratigraphy in each country; and let it not be for- 
gotten that it is just this “local stratigraphy”’ that forms the basis of the whole science. 
Any “‘standard global time-rock sequence” that does not stand the test of minute in- 
vestigation at a “local exposure” is wrong and must be changed. Further, attempts 
to tamper with the local scope of formations in any country in the interests of general 
uniformity are unjustified because they confuse different objectives: stages and zones 
already exist for international correlation. 

Thus when Muller (1901, p. 1434) recommends that the English should expand 
their Middle Lias to include a large part of the Lower Lias, the suggestion is, in the 
jargon of zoological nomenclature, “‘stillborn”. The English Middle Lias is the zones 
of Amaltheus margaritatus and Paltopleuroceras spinatum; it has always been so and is 
irretrievably standardized as such in the official memoirs published in the nineteenth 
century (Woodward, 1893-1895). If English geologists now began meaning some- 
thing different when they used the same words as their fathers and grandfathers, 
there would be hopeless confusion; and what would be the need for such terms as 
Pliensbachian? On the other hand, no one is confused by the Germans’ different and 
well-known usage of their Mittlerer Lias nor by the French Lias Moyen. 

Similarly, the strongest exception is taken to Muller’s recommending to English- 
speaking geologists that they should adopt and use the terms Dogger and Malm in the 
German sense as proposed by Oppel, as alternatives to (even with precedence over) 
the terms Middle and Upper Jurassic respectively. No one objects to German- 
speaking geologists using the words in this way, and in German texts their meaning is 
clear. But both words are also used in the English language—and in the English 
technical vocabulary of geology—with quite different meanings. As used in Eng- 
land, the Dogger means and has meant since at least 1822 (Young and Bird, p. 123) 
not the Middle Jurassic, but the basal few feet of the Inferior Odlite (of Lower Bajo- 
cian age) in Yorkshire only. Similarly, in England the term Malm has never meant 
Upper Jurassic but has been used for centuries for the Chalk Marl and Upper Green- 
sand (Cretaceous, Cenomanian and Albian). It is still so used, and quotations are 
known back to the year 1477. If English-writing geologists are now liable to start 
using these terms in the German sense, nothing but confusion will result. Alterna- 
tives for Middle and Upper Jurassic are not needed, but they already exist in English 
as Lower, Middle, and Upper Odlites. The Jurassic formations above the Lias were 
called the Odlites or Odlitic series by English geologists at least from Conybeare and 
Phillips (1822) down to Geikie (1885) and in the great Jurassic memoirs of the British 
Geological Survey (Woodward, 1893-1895). 

Hitherto, whatever uncertainties and vicissitudes the stages and zones have passed 
through with the progress of stratigraphic investigation, in the background there has 
always been the unchanging yardstick of the formations, an ultimate court of appeal 
in each country and each locality. When an English geologist spoke of the Portland 
beds, or the Purbeck beds (or the Dogger, or the Malm) it was clear what he meant; 
and so it was if a Frenchman referred to the Calcaire de Caen, or the Odlithe Miliare; 
or a German to the Heersumer Schichten, or the Hilsthon or the Munder Mergel. 
Let us beware of needlessly disturbing these firm foundations of our shifting science. 
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CONCLUSIONS 


(1) Stages provide the best medium for correlations of continental scope and for an 
eventual global time-rock standard. 

(2) Zones are units of more restricted purpose and use, but with special advanta- 
geous qualities which are lost if the areaof their application is expanded farther than 
the ascertained facts of distribution admit. There must therefore always be separate 
zonal tables for each faunal province. 

(3) Correlation should proceed by paralleling the zonal schemes appropriate to 
distinct faunal provinces, not by combining them into a synthetic zonal table not 
based on the facts of observation in any area and therefore corresponding to nothing 
in nature. 

(4) The International Geological Congress should not be asked to approve and 
stereotype any particular standard sequence of stages or zones, but should be asked to 
set up a body charged with evolving, if possible, a Code of Rules governing the use of 
stage names and zonal indices in each geological system. 

(5) For the Jurassic system, at least, a Code of Rules analogous with the existing 
International Rules of Zoological Nomenclature is desirable and practicable for the 


governance of stage names. 

(6) Governance of zonal index species by priority or any other rules should be 
attempted only with the provisoes that the species chosen be appropriate and occur 
in the province to which any sequence or table applies. 

(7) Formations, the earliest stratigraphic units to be named and the basis of all 
stratigraphy, are still valuable as ultimate standards of reference. Their scope as 
defined in their type areas should not be interfered with. Attempts to make their 
names unifom, or their scope equivalent, will produce more confusion than order. 
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ABSTRACT 


In classifying the lower Middle Ordovician of the Shenandoah Valley, the forma- 
tion names Stones River, Mosheim, Lenoir, Holston, Whitesburg, and Athens have 
been used without adequate evidence. Detailed study shows that the so-called 
Athens and Whitesburg, as developed near Harrisonburg, are laterally continuous 
with the greater part of the Chambersburg limestone, which is supposed to be younger 
than the Athens. The newly discovered relations of these formations affect the 
classification of the Middle Ordovician in much of the northern Appalachian region. 
The present study has been high-lighted by the discovery that Cryptophragmus 
antiquatus, widely regarded as a valid guide to the lower Black River, ranges through 
several hundred feet of beds, possibly as high as lower Trenton. In the Shenandoah 
Valley, this fossil is most abuudant near the top of the Chambersburg, which is 
supposed to be late Black River or early Trenton. 

In the proposed reclassification, the lower Middle Ordovician is divided into six 
time-stratigraphic units, in ascending order: the New Market limestone, Whistle 
Creek limestone, Lincolnshire limestone, Edinburg formation, Oranda formation, 
and Collierstown limestone. The Edinburg embraces two equivalent facies: one 
of cobbly limestone (Lantz Mills facies) which is mainly developed in the northern 
and western parts of the Shenandoah Valley; and a relatively thicker body of black 
limestone and shale (Liberty Hall facies) which is typically developed in the Harrison- 
burg-Staunton area. In the western part of Shenandoah County, the topmost 
division of the Edinburg formation is composed of light-gray calcilutite and cal- 
carenite, named the St. Luke limestone member. The rusty-brown granular lime- 
stones just below Butts’ Athens in the Harrisonburg-Staunton-Lexington area are 
here named the Botetourt limestone member of the Edinburg formation. 

At least part of the New Market limestone is linked with a part of the New York 
Chazy and type Lenoir, but the Lincolnshire seems to be post-Chazy. All the 
succeeding beds, comprising the greater part of the lower Middle Ordovician succes- 
sion, are Black River or Trenton. 


INTRODUCTION 


In preparation of a monograph on Chazy and related brachiopods, G. A. Cooper 
has made extensive collections of fossils from the post-Beekmantown, pre-Martins- 
burg formations in the Appalachian Valley. Largely from detailed study of these 
fossils he tentatively concluded several years ago that the generally accepted classifi- 
cation of the lower Middle Ordovician in the Appalachian region confused time- 
stratigraphic divisions with purely lithogenic units transcending faunal zones. 

The interest of B. N. Cooper in the problems of the Middle Ordovician stratigraphy 
of northern Virginia developed during field studies of the industrial limestones of 
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the Shenandoah Valley for the Virginia Geological Survey. The field work work on 
this project was begun by R. S. Edmundson and during 1943 and 1944 was completed 
jointly by B. N. Cooper and him. As a result of these studies B. N. Cooper came 
to the same conclusion previously reached by G. A. Cooper. The outgrowth of 
frequent interchanges of information and ideas was a field conference during July 
1944. Critical sections of the Middle Ordovician in the Shenandoah Valley of 
Virginia, and in southern Pennsylvania, Maryland, and the adjacent panhandle 
of West Virginia were examined in detail. This joint study revealed the need for 
a thorough revision of the stratigraphic nomenclature used in these areas. Two 
plates of significant and useful fossils show some of the faunal evidence discussed. 


FAUNAL AND LITHOLOGIC SUBDIVISIONS 


GENERAL STATEMENT 


The principal structure in the Shenandoah Valley is a broad synclinal complex 
from which rises the bold ridges of Massanutten Mountain. ‘These ridges, upheld 
by unusually thick resistant late Ordovician and early Silurian sandstones, are 
enclosed by broad expanses of Martinsburg shale, which mark the outer limits of 
the Massanutten syncline. On the east side of Massanutten Mountain, the Martins- 
burg shale is bordered by a belt of lower Middle Ordovician limestone and shale 
400 to 1000 feet thick, which is steeply upturned and locally repeated by minor 
folding and faulting. This belt is readily accessible from State Highway 12. The 
first limestone belt west of the Massanutten syncline closely parallels U. S. Route 
11 and is well exposed in a number of places. Between Strasburg, Shenandoah 
County, and Staunton, Augusta County, the lower Middle Ordovician limestones 
are repeated in a number of folded, faulted belts, all of which are crossed by numerous 
roads extending west from U.S. Route 11. Locations of principal towns and roads 
and the geologic sections mentioned in this paper are shown on Plate 1. 

The general character and thickness of the strata above the Beekmantown and 
below the Martinsburg varies so greatly in the Shenandoah Valley that no single 
section can be considered typical for the whole district. Since the sections near 
Harrisonburg, Rockingham County, and near Lantz Mills, Shenandoah County, 
and near Staunton, Augusta County, offer the maximum contrast in thickness and 
lithology, they are described in detail, and areas where the characters of these 
generalized sections prevail are indicated. For convenience, the sections will be 
divided into informally named faunal-lithologic zones. 


SECTIONS NEAR HARRISONBURG 


Tetradium syringoporoides beds.——Near Harrisonburg, the Beekmantown group 
is overlain unconformably by a relatively thick zone of uniformly fine-grained dove- 
gray compact limestone which gives every indication of having been deposited as 
a lime mud and is therefore properly called calcilutite (Grabau, 1924, p. 295-297). 
The average thickness is 50 to 150 feet, with the lower third invariably thinner-bedded 
and somewhat less pure than the overlying massive beds. The contrasting light 
color of weathered surfaces and the rounded, fluted exposures are distinctive. Be- 
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cause of its dense, almost porcellanous structure, the calcilutite emits a distinct 
ring when struck with a hammer and breaks with conchoidal fracture. This is 
the ‘‘quarry rock” of the Shenandoah Valley, which yields large quantities of chemical 
lime and fluxing stone. Fossils other than the abundant Tetradium syringoporoides 
Ulrich (Pl. 2, fig.5) are uncommon. Etched outlines of large, high-spired gastropods 
can generally be seen wherever exposures are sufficiently extensive. Perhaps the 
finest exposure of these Tefradiwm beds in the general vicinity of Harrisonburg is 
at the intersection of County Roads 718 and 720, 2 miles east of the town and about 
1 mile east of U. S. Route 11. 

Dinorthis atavoides beds.—Succeeding the Tetradium syringoporoides beds is the 
only commonly cherty limestone in the lower Middle Ordovician. The rock is 
dark gray, granular, and rather unevenly bedded. A characteristic of most sections 
is the prevalence of bright-reddish films of iron oxide along the bedding. Coarse- 
grained calcarenites, generally crowded with Girvanella, are intercalated in the cherty 
layers. Locally, a considerable thickness of light-gray, granular limestone occurs 
at the base of the zone. In the northeast environs of Staunton, 50 feet or more of 
coarse-grained, clastic-textured limestone, containing large algal masses, closely 
overlies the Tetradium syringoporoides beds (Geologic section 23), and a similar 
body of coarse-grained limestone directly succeeds the Beekmantown dolomite 
half a mile south of the junction of U. S. Route 250 and Road 644, 2 miles southeast 
of Staunton. 

In most sections of the Dinorthis atavoides beds, fossils are found chiefly in the 
weathered, residual chert. The common ones are Dinorthis atavoides Willard (P1. 2, 
fig. 9), Sowerbyites triseptatus (Willard) (Plate 3, figs. 21-23), Multicostella cf. M. 
saffordi (Hall and Clarke), Girvanella sp., and several bryozoans including Rhini- 
dictya nicholsoni Ulrich. Locally, whorls of a large, planispirally coiled gastropod, 
probably a Maclurites, are common on weathered surfaces of the cherty layers. 
The thickness varies from 15 to about 150 feet and averages less than 75 feet. 

Trilobite beds.—In the vicinity of Harrisonburg, as well as in most other sections 
of the southern Shenandoah Valley, the Dinorthis atavoides beds are overlain by a 
few feet of granular, dark-gray, fossiliferous, mealy-weathering limestone which is 
generally stained rusty brown. These beds are crowded with the lustrous black 
fragments of trilobites, mainly species of Arthrorhachis, Bronteopsis, Bumastus, 
Homotelus, Sphaerexochus, and Sphaerocoryphe. Other fossils, such as Echino- 
sphaerites aurantium (Gyllenhahl), Ptychoglyptus virginiensis Willard, Sowerbyella 
negrita (Raymond), and Muzlticostella bursa (Raymond), are also distinctive forms. 
The rusty-brown “trilobite beds” are exceptionally well exposed below Laird Knob 
on Massanutten Mountain, 1.6 miles south of Bethel Church (formerly known as 
Paulington) and 6 miles due east of Harrisonburg. Another fine exposure is at 
Cedar Grove Church, about 1.9 miles N. 82° E. of Harrisonburg. 

South of the Shenandoah Valley, in the vicinity of Lexington (Geologic section 
40), the “trilobite beds” are about 75 feet thick and locally very shaly. Probably 
the finest exposure of the shaly phase of the trilobite beds is on a gullied hillside 0.5 
mile due south of Dunkard Church and 6.9 miles S. 80° W. of Natural Bridge (Geo- 
logic section 43). Here, beds identical in lithology and position to those east of 
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Harrisonburg yield an uncommonly large number of fossils, including Echino- 
Sphaerites aurantium, a large species of Orthambonites, Multicostella bursa (Raymond) 
(Pl. 2, figs. 7-8), Sowerbyella negrita (Raymond), a large Illaenus, Bronteopsis gregaria 
Raymond (PI. 3, figs. 1-2), and a moderately large Corineorthis, (P\. 3, fig. 13). 

Black limestone and shale-—Dense, black limestone and black graptolite-bearing 
shale occur above the dark-gray granular beds. The thickness in the immediate 
vicinity of Harrisonburg is about 1300 feet, but it is noticeably less a short distance 
to the north. A pinkish-weathering shaly zone almost invariably occurs at the 
hase, but similar shales occur also at higher levels. The limestones are dense, 
black, and impure and break with a conchoidal fracture. In most exposures, the 
limestones are intricately folded and fractured. White calcite, most of which fills 
syztems of en echelon fractures, is abundant and is a reliable guide in recognizing 
the zone. Weathered surfaces of the limy beds commonly show linear series of 
small pits resulting from the etching of incipient minute fractures in the rocks. 
In the northeast environs of Harrisonburg, the black limestones have been quarried 
and used for black marble. 

The shaly beds in the lower part of the zone contain several representatives of 
the Nemagraptus gracilis graptolite fauna, which occurs in the Normanskill shale 
of the Albany district of New York. The upper part of the zone contains some 
Normanskill graptolites, but apparently no Nemagraptus. The limy beds contain 
almost no recognizable graptolites, but several trilobites and brachiopods, including 
species of Ampyxina, Ampyx, Lonchodomas, Cryptolithus or Tretaspis, Robergia, 
Dionide, Remopleurides, and Arthrorhachis. Among the brachiopods, species of 
Ptychoglypius, Oxoplecia, Leptellina, Multicostella, Sowerbyella, Dinorthis, and 
Resserella have been collected. 

Nidulites beds—Above the thick body of black limestone and shale is 50 to 100 
feet of black, cobbly, argillaceous limestone characterized by abundant Nidulites 
(Pl. 2, fig. 3). Other fossils are relatively uncommon, but specimens of Christiania 
and Resserella have been collected. In some sections, particularly northwest of 
Harrisonburg, the typically cobbly, buff-weathering limestones with abundant 
Nidulites are supplanted by thick beds of dense black limestone with sparse Nidulites. 
Such beds are well exposed at Cedar Grove Church 3.7 miles south of Mt. Jackson; 
0.5 mile east of Lacey Spring Post Office; and 0.3 mile west of the junction of State 
Highway 260 with Road 767, about 2.8 miles N. 8° W. of Harrisonburg. South of 
Harrisonburg, the Nidulites beds merge laterally with the thickened succession of 
black limestone and black, graptolitiferous shale. 

Post-Nidulites beds——Between Harrisonburg and Mt. Jackson, the Nidulites 
beds are succeeded by 30 to 125 feet of limestone containing Foerstephyllum “halli” 
(Nicholson), moderately abundant Cryptophragmus antiquatus (P\. 2, fig. 1), branch- 
ing sponges or fucoids of the Camarocladia type, and numerous gastropods most of 
which are referable to the genera Subulites, Helicotoma, and Maclurites. These 
beds are especially well displayed just north of Road 753 about 0.4 mile west of 
Linville Station on the Southern Railroad, and also at Cedar Grove Church 3.7 
miles south of Mt. Jackson. In both places the zone is composed mainly of dense 
black limestone but with thin partings of coarsely granular calcarenite which con- 
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tain abundant Cryptophragmus and Camarocladia. Along State Highway 263, 
about 2.1 miles N. 63° W. of Mt. Jackson the post-Nidulites zone is 125 feet thick 
and consists entirely of light-gray calcarenite. Southward, these clastic limestones 
grade laterally, like the underlying Nidulites beds, into the thickening succession of 
black limestone and shale and are not distinguishable in the southern part of the 
Shenandoah Valley. 

Reuschella “edsoni’” beds.—The topmost division, occurring directly beneath the 
Sinuites zone of the basal Martinsburg, consists of very impure, drab-gray limestone 
with intercalated beds of brown siltstone, buff shale, and tawny-colored metaben- 
tonites. The siltstones are the most distinctive beds and form distinct ledges. 
However, the fossils rather than the lithology are the most characteristic feature. 
Besides Reuschella “‘edsoni’” (Bassler) (Pl. 3, figs. 33-34), the zone contains a species 
of Bimuria (Pl. 3, figs. 29-32), Eoplectodonta alternata (Butts), (Pl. 3, figs. 16-28), 
Christiania trentonensis Ruedemann, “Sowerbyella” pisum Ruedemann, Oxoplecia 
simulatrix (Bassler), Resserella cf. R. rogata (Sardeson), and Echinosphaerites au- 
rantium (Gyllenhahl). All these fossils were collected from a single ledge about 20 
feet stratigraphically above cobbly, Nidulites-bearing limestones in the fields north 
of Road 721, 0.5 mile west of the Southern Railroad station at Linville, Rockingham 
County. This zone, averaging about 30 feet thick, marks the transition between 
the underlying limestones and overlying shales and siltstones. 


SECTIONS NEAR LANTZ MILLS 


Tetradium syringoporoides beds.—In the vicinity of Lantz Mills, Shenandoah 
County, the Beekmantown is overlain by 50 to 200 feet or more of fairly pure, dove- 
gray calcilutite, thin-bedded near the base and thick-bedded to massive in the upper 
two thirds. The zone is identical to that above the Beekmantown in the vicinity 
of Harrisonburg. The variations in thickness reflect the irregular surface upon 
which the beds were deposited. Locally a few feet of conglomeratic, magnesian 
limestone occurs at the base. 

Dinorthis atavoides beds.—As in the Harrisonburg area, the Tetradium beds are 
overlain by characteristically cherty limestones containing Sowerbyites, Dinorthis, 
and Multicostella. The thickness ranges from 75 to 150 feet and averages about 100 
feet. Intercalated beds of coarse-grained clastic limestone with Girvanella are 
somewhat more abundant than they are in the vicinity of Harrisonburg. 

Lower Echinosphaerites zone.—Very argillaceous, nodular-weathering, fossiliferous 
limestones aggregating 50 to 150 feet overlie the Dinorthis atavoides beds. Although 
Echinosphaerites is perhaps the most characteristic fossil, it occurs in profusion in 
but a few layers. Other fossils include: 

Brachiopods . 

Christicnia sp. 

Corineorthis sp. 

Dinorthis transversa Willard 
“Sowerbyella” pisum Ruedemann 
Multicostella cf. M. bursa (Raymond) 
Opikina “minnesotensis” (Winchell) 
Oxoplecia cf. O. simulatrix (Bassler) 


Ptychoglyptus virginiensis (Willard) 
Resserella cf. R. rogata (Sardeson) 
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Bryozoans 
Chasmatopora and related genera 
Trilobites 
Ampyx sp. 
Arthrorhachis cf. A. elspethi Raymond 
Bronteopsis gregaria Raymond 
Ceraurus pleurexanthemus Green 
Homotelus cf. H. simplex (Raymond and Narraway) 
Lonchodomas sp. 
Sphaerocoryphe sp. 
Tretaspis or Cryptolithus 

Nidulites ci. N. pyriformis Bassler occurs rarely in the upper part of the zone. 

Between Maurertown, Shenandoah County, and Winchester, Frederick County, 
a ridge-making thin siltstone (Edmundson, 1939, p. 99-104) occurs near the base of 
the lower Echinosphaerites beds. Several metabentonites are commonly associated 
with the distinctive siltstone. These beds are well exposed along Tumbling Run, 1.8 
miles S. 75° W. of Strasburg, Shenandoah County. In many places, a few ieet of 
granular limestone crowded with trilobites occurs at the base. 

Nidulites-Lambeophyllum beds.—The succeeding zone, composed of slabby to 
cobbly argillaceous limestones, is characterized by a profusion of Nidulites pyriformis 
Bassler and the distinctive cup coral, Lambeophyllum profundum (Conrad). In 
many sections, especially where the dips are steep, these two fossils are about the 
only ones commonly found. Other fossils collected from this zone include: Resserella 
cf. R. rogata (Sardeson), Christiania cf. C. trentonensis Ruedemann, “Sowerbyella” 
pisum Ruedemann, Ampyx sp., Arthrorhachis sp., Bronteopsis sp., Lonchodomas sp., 
Homotelus sp., Receptaculites cf. R. occidentalis Billings, Camarocladia sp., and Crypto- 
phragmus antiquatus Raymond. . The thickness of this zone ranges from 100 to 
300 feet. 

Post-Nidulites beds——The Nidulites-Lambeophyllum zone and the Reuschella 
“edsoni’’ beds are separated by a variable thickness of sparingly fossiliferous lime- 
stone. In the limestone belt paralleling U. S. Route 11 between Edinburg and 
Woodstock, the post-Nidulites beds are 10 to 75 feet thick and consist of black, 
rather evenly bedded limestone with thin partings of light-gray calcarenite. In the 
belts to the west, between Forestville and Saumsville, the post-Nidulites beds are 
composed of 75 to 125 feet of distinctive light-gray limestone. Near St. Luke, the 
zone is practically all calcilutite, but in the sections 2 miles west of Lantz Mills only 
the uppermost 20 feet is calcilutite, the rest being medium-grained calcarenite. 

Fossils are not common, but locally west of Lantz Mills Cryptophragmus antiquatus 
Raymond, Foerstephyllum “halli” (Nicholson), and Doleroides sp. were collected. 
The black, slabby limestones, composing the post-Nidulites zone in the belt along 
U. S. Route 11, likewise contain Cryptophragmus antiquatus, Subulites sp., and 
Camarocladia sp. 

Reuschella “edsoni” beds.—The topmost division of the Middle Ordovician 
limestones near Lantz Mills is identical to that in the vicinity of Harrisonburg. 
It is composed largely of impure, buff-weathering limestones, brown siltstones, and 
bentonitic shales, containing Reuschella “edsoni” and its associates. The total 
thickness is about 30 feet. The zone is sharply overlain by the distinctive Sinuites 
beds of the basal Martinsburg. 
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SECTIONS NEAR STAUNTON 


Rostricellula bed.—In the east end of the quarry of the Staunton Lime Company, 
in the northeast environs of Staunton, the Beekmantown dolomite is succeeded by 
a few feet of light-gray coarse-grained calcarenite abounding in Rostricellula pristina 
(Raymond). The contact between this bed and the underlying dolomite is very 
irregular, and locally the fossiliferous limestone fills fractures extending a foot or 
more into the dolomite. The only other place where this Rostricellula bed has been 
identified is in the section near Montevideo, Rockingham County (Geologic section 
29). The fact that the bed with Rostricellula pristina occurs below the base of the 
Tetradium syringoporoides zone in the quarry of the Staunton Lime Company 
suggests that it is the oldest division of Micdle Ordovician limestone in the Shenan- 
doah Valley. However, possibly the basa’ levers of dove limestone with Tetradium 
syringoporoides which elsewhere directly succeed the Beekmantown were deposited 
at about the same time as the Rostricellula bed of the Staunton quarry. 

Tetradium syringoporoides beds.—In most other exposures in the vicinity of 
Staunton, the Beekmantown dolomite is succeeded by 25 to 60 feet of dove-gray 
calcilutites containing Tetradium syringoporoides. Locally, about 3.5 miles west of 
Staunton, the basal layers are pinkish and dolomitic and resemble the Blackford 
beds of southwestern Virginia (Geologic section 31). In general, the Tetradium 
syringoporoides beds are not so thick nor quite so pure as they are farther north, in 
Rockingham, Shenandoah, and Frederick counties. However, in a few sections 
about 7 miles south of Staunton, the Tetradium syringoporcides beds are 110 to 130 
feet thick and exceptionally pure. Near DeJarnette Sanatorium, in the southeast 
environs of Staunton, the Tetradium beds are absent, but this is the only locality 
in the Staunton area where no representative of this zone occurs. The zone is well 
exposed in the quarries near Staunton and in the quarry half a mile west of U. S. 
Route 11 and just north of Middle River, in the vicinity of Verona, Augusta County. 

Hesperorthis beds.—In the Staunton area, the dove-gray calcilutites with Tetradium 
are overlain by dark-gray cherty limestones containing distinctive species of Hes- 
perorthis, Mimella, Valcourea, and Camerella and Multicostella saffordi. The lithol- 
ogy of this zone is practically the same as that of the Dinorthis atavoides beds, but 
the beds are somewhat thinner and more irregular. Many bedding surfaces are 
coated with rusty-brown to crimson-red films of iron oxide. In sections near the 
southern tip of the Massanutien syncline, the Hesperorthis beds are 60 to 80 feet 
thick, but the zone thins northward pinching out in the immediate vicinity 
of Staunton. This division has not been recognized in any section in the northern 
and middle parts of the Shenandoah Valley. The best exposures are (1) along U. 
S. Route 250 about 3.5 miles west of Staunton (Geologic section 31); (2) in a quarry 
along Road 608 about a quarter of a mile east of the intersection with Road 652, 
about 6.7 miles S. 20° E. of Staunton; and (3) along Road 602 about 5.5 miles S. 
80° W. of Middlebrook, Augusta County. In the latter locality, Dinorthis holdeni 
(Willard), leading fossil of the “blocky chert” of Tazewell County, is a striking 
addition to the Hesperorthis fauna (Geologic section 38). 

Granular beds—A few miles south of Staunton (Geologic sections 34-37), the 
Hesperorthis beds are succeeded by coarse-grained clastic limestones. The maximum 
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thickness of these calcarenites is about 175 feet (Geologic section 36), but the zone 
thins rapidly northward and is only 20 feet thick in the quarry along Road 608 
about 6.7 miles S. 20° E. of Staunton (Geologic section 34). About 1200 feet south- 
west of the main buildings of DeJarnette Sanatorium near Staunton, the light-gray 
granular calcarenites directly overlie the Beekmantown. The fact that the over- 
lying zone with Dinorthis atavoides is abnormally thin wherever the granular beds 
are well developed, and the presence of granular intercalations in the cherty beds 
of the Dinorthis atavoides zone suggest that the granular beds are a calcarenitic or 
reefy facies of the typically cherty Dinorthis zone. The best exposure is along the 
spur of the Chesapeake Western Railroad, near the stock yards, in the east environs 
of Staunton. 

Dinorthis atavoides beds.—In the Staunton area, the Dinorthis beds are essen- 
tially the same as in other parts of the Shenandoah Valley. The fact that the 
Dinorthis beds just south of Staunton are separated from the Tetradium syringo- 
poroides beds by 50 to over 200 feet of beds indicates that there is probably an un- 
conformity between the Dinorthis atavoides zone and the underlying zone of dove 
limestone in the middle and northern parts of the Shenandoah Valley. West of 
Staunton along U. S. Route 250, the Dinorthis and Hesperorthis zones can be dis- 
tinguished only by fossils. 

Trilobite beds—The few feet of granular rusty-weathering impure limestone 
succeeding the Dinorthis atavoides zone in the Staunton area is essentially the same 
as in the Harrisonburg area. The thickness of this division probably does not 
exceed 25 feet anywhere in the vicinity of Staunton and probably averages less than 
10 feet. 

Black shale and limestone-—Exposures of the thick zone of black shale and lime- 
stone are poor in the Staunton area. The zone is probably less than 1500 feet thick 
in the belts between Staunton and Fishersville, where black shale almost completely 
supplants black limestone and grades imperceptibly upward into the buff sandy 
shales of the Martinsburg formation. Black shales near the base of the zone contain 
representatives of the Nemagraptus gracilis fauna, but most of the succeeding beds are 
practically devoid of fossils. In the belts west of Staunton, particularly in the ex- 
posures along the base of Little North Mountain south of U. S. Route 250, the zone 
is composed principally of black limestone. Much of this rock closely resembles the 
slabby limestones comprising the middle and upper parts of the Chambersburg 
limestone along Tumbling Run, near Strasburg, Shenandoah County. These slabby 
beds with an aggregate thickness of about 500 feet contain Ampyx, Ampyxina, 
Calliops, Homotelus, Dinorthis transversa, Resserella, and Echinosphaerites. 

Nidulites beds.—In the immediate vicinity of Staunton, the zone of black shale 
and limestone comprises the uppermost division of the lower Middle Ordovician 
below the Martinsburg. West of Staunton, along the base of Little North Mountain, 
the 500 feet of black slabby limestone is succeeded by 30 to 60 feet of similar limestone 
containing an abundance of Nidulites pyriformis. This fossil is unknown in the 
sections close to Staunton, but possibly the limestones containing this fossil are 
represented by some of the black shales just below the Martinsburg in the 
Staunton area. 
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Zygospira beds.—Along Little North Mountain south of U. S. Route 250, west 
of Staunton, the Nidulites beds are separated from the Martinsburg by 30 to 65 
feet of medium-grained shell limestone, layers of which are crowded with Zygospira 
recurvirostris, Doleroides, Sowerbyella, Parastrophina, and Cyclospira. Probably 
the most significant fossil, which occurs sparsely in a few layers, is a form of Ra- 
finesquina s.s., a genus unknown below the Trenton. The Zygospirabeds apparently 
do not extend as far north as the area containing the Reuschella “‘edsoni” zone, and 
their relation and position with respect to this zone are unknown. The Zygospira 
beds are more prominently developed farther south, in the western limestone belts 
of Rockbridge and Botetourt counties, in the James River district. 


SUMMARY 


The Tetradium syringoporoides beds and the succeeding Dinorthis atavoides zone 
are persistent units easily recognizable throughout the Shenandoah Valley. The 
overlying thick body of black limestone and shale, occurring in the Harrisonburg 
area, can be traced as far north as Mt. Jackson and Forestville, Shenandoah County, 
on the west side of the Massanutten syncline. On the east side of the Massanutten 
syncline, southwest of Front Royal, Warren County, black graptolitiferous shales 
occur to the almost complete exclusion of the characteristic dense black limestones 
of the Harrisonburg region. The black shales and black limestones are comple- 
mentary parvafacies. 

The cobbly limestones of the Lantz Mills section are typically developed only 
in the western belts of Shenandoah County. Elsewhere the interval above the 
Dinorthis atavoides zone and below the Reuschella “edsoni” zone exhibits alternations 
of dense black limestone and cobbly beds. South and east of Harrisonburg, the 
entire succession above the “trilobite beds” and below the Martinsburg is black 
limestone and shale. The upper part of this sequence is believed to contain equiva- 
lents of the Nidulites and post-Nidulites beds as developed northwest of Harrisonburg. 


PREVIOUS INTERPRETATIONS 


Bassler (1909, p. 51-122) published the first detailed description of the Ordovician 
limestones of the Shenandoah Valley. In the vicinity of Strasburg, Bassler included 
in the Chambersburg limestone all the beds below the Sinuites zone of the Martins- 
burg shale and above the Tetradium beds. The Tetradium beds and 800 feet or so 
of the underlying dolomite and limestone succession were referred to the Stones 
River. 


Geologic section 1.—Ordovician limestones in the vicinity of Strasburg, Shenandoah County, Virginia 
(after Bassler, 1909, p. 56) 


Thickness 
Feet 


Martinsburg shale 
Chambersburg formation, about 400 feet of blue and argillaceous limestones arranged in 
the following order: 
(i) Earthy gray limestone and calcareous shales 
(h) Light-gray earthy limestone 
(g) Massive dove limestone 
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Thickness 

Feet 
(2) “Mnther Ciie-tedled’ Gowe Mmmetitame. 5. cos on cbc ce ccc coc ccccwsceciccces 60 
(e) Thin-bedded dark-gray argillaceous limestone..................2.000002ee eee 52 
(d) Thin-bedded argillaceous black limestone..................000 000 ceeeeeeeeees 22 
(c) Nodular argillaceous dark-blue limestone. ................. 020 eeeececeeeees 30 
ESS EE LENSE LEE LOL LEA EE RE EOL LE 10 
(a) Siliceous blue limestone, cherty in the upper part but pure in the lower portion.... 80 


Stones River formation, about 900 feet of more or less pure and magnesian limestones, 
the upper 100 feet consisting of heavily bedded, pure dove limestone, with occasional 
black layers, alternating with magnesian limestone....... 0 22... 2... eee e eee 900 
Typical Beekmantown dolomite, weathering into characteris chert................... — 


Farther south, in the vicinity of Harrisonburg, Bassler (1909, p. 91) believed the 
same body of limestone is present but much thinner. The Christiania [Reuschella} 
bed directly beneath the Martinsburg was described as similar in appearance and 
fossils to the same zone at Strasburg (Geologic section 1, unit 31). Beneath this 
zone, Bassler recognized 100 feet of Nidulites-bearing limestone, which was said 
to overlie 200 feet of pure and magnesian limestones of Stones River age. Along 
U. S. Route 33, about 9 miles west of Harrisonburg, Bassler (1909, p. 95-97) recorded 
a greater thickness of Ordovician limestone, including an undetermined thickness 
of Stones River limestone at the base, 300 feet of overlying, thin-bedded black 
limestone and shale, referable to the Chambersburg, and at the top 300 feet of 
fossiliferous limestone of Trenton age and classed with the Martinsburg formation. 

In the belt on the east side of the Massanutten syncline, Bassler (1909, p. 74, 94) 
thought that the thick body of black limestone and shale represents the Chambers- 
burg formation. : 

Near Wadesville, Clarke County, he classed the Girvanella-bearing limestones 
below the thick zone of black limestone and shale with the Chambersburg formation 
(Geologic section 2, unit 3). 


Geologic section 2.—Middle Ordovician limestone near Wadesville, Clarke County, Virginia (after 
Bassler 1909, p. 74) 


Thickness 
Feet 
Martinsburg shale: gray, black, and olive shales... .............. 0 2c e cece cece eeeees — 
Chambersburg formation: 
4. Dark-blue and black, compact argillaceous limestone................ po ainhenire arise 400 
3. Coarsely crystalline grayish-blue limestone... ................0 02 eee eee eeee 70 


Stones River formation: 

2. Gray, dolomitic limestone with intercalated pure dove-colored layers, base not 
observed. These Stones River limestones have much the same characters de- 
scribed for the formation in other secticns of this part of Virginia. The rock 
may be identified by its numerous Téetradium markings and by the presence of the 
outraced Leperdties fababites.. i558 oc ck ioe is ee cece Patt eae eae ees — 

Beekmantown limestone: 
Be AN, RUN TRMNINONN dikes ensiesia cds wd owes siniele «nce Uaeneleien — 


No other sections of Ordovician limestone on the east side of the Massanutten 
syncline were described by Bassler, but the graptolite-bearing black shales and lime- 





1 The Christiania defining this bed is now referred to the genus Bimuria Ulrich and Cooper. 
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stones at Riverton, Warren County, were called Chambersburg, and the dove-gray 
limestone lower in the section was classed with the Stones River (1909, p. 87-88). 
In the vicinity of Staunton, Bassler (1909, p. 114-119) identified the coarse-grained 
limestone at the base of the Dinorthis atavoides zone as Murat limestone and, all the 
succeeding beds up to the Martinsburg shale were classed with the Liberty Hall 
formation. Apparently, the dove-gray Tetradium beds directly above the Beekman- 
town were considered part of the {Natural Bridge limestone. 

Giles (1927, p. 42-45) recognized three divisions of the Stones River formation of 
Frederick County, in the northern part of the Shenandoah Valley. These divisions, 
which were supposed to be readily distinguishable faunally and lithologically, con- 
sisted of: (1) about 600 feet of limestone and magnesian layers, at the base, identified 
as equivalent to the Murfreesboro limestone of central Tennessee; (2) a middle, 
cherty division about 150 feet thick, correlated with the Pierce and Ridley of the 
Central Basin; (3) a similar thickness of dove-gray, Tetradium-bearing limestone 
identified as Lebanon. No basis for the correlations was given. Giles also recog- 
nized four divisions in the overlying Chambersburg limestone. The lower division, 
said to contain Tetradium cellulosum and to be 90 to 100 feet thick, was described 
as “‘...fine-grained to coarse-grained, sometimes distinctly granular, limestone, 
dark gray to dark blue to black, rarely dove color’’ (Giles, 1927, p. 44). The identity 
of this division is not clear, because the only Tetradium-bearing division of the Or- 
dovician limestone in Frederick County is the unit which Giles identified as the 
upper, or Lebanon, division of the Stones River. The three succeeding zones of 
the Chambersburg, identified by Giles, were the Echinosphaerites zone, Nidulites 
zone, and the Christiania bed. 

Metabentonites in the lower part of the Martinsburg and upper Chambersburg 
near Strasburg have been described by Rosenkrans (1933, p. 413-419). In the well- 
exposed section along U. S. Route 11 about 0.25 mile west of the bridge across 
Tumbling Run, Rosenkrans assigned the Reuschella “‘edsoni” zone to the lower 
Martinsburg. Following the original definition of the Chambersburg, the Reuschella 
“edsoni”’ zone—the Christiania bed—should have been classified with that formation. 
This mistake is a source of confusion concerning the correlations set forth by Rosen- 
krans. 

Kay (1935, p. 231-233, Pl. 22) studied the section along Tumbling Run, near 
Strasburg, and concluded that the Nidulites and “Christiania’”’ zones correlated with 
the Rockland-Hull portion of the New York Trenton. He referred the lower part 
of the Chambersburg to the Lowville-Chaumont interval of the Black River group. 
The underlying cherty limestones were identified as Lenoir and assigned to the Chaz- 
yan. According to Kay (1935, p. 232) the lower 95 feet of the Chambersburg along 
Tumbling Run is characterized by Tetradium cellulosum and contains other fossils 
suggestive of Lowville age. The dove-gray calcilutites containing Tetradium cellu- 
losum in the type section of the Chambersburg are not present in the Tumbling Run 
section. The writers made a thorough search for this fossil in the lower part of 
the Chambersburg along Tumbling Run, but no specimens were found. The other 

fossils occurring in the lower Chambersburg of this section and in the exposures 
near Strasburg Junction (Geologic sections 19-20) are found in the cobbly limestones 
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of the Echinosphaerites beds of the type Chambersburg, which overlie the Tetradium 
cellulosum calcilutites (Lowville of Stose and others). 

Although the formation names in current use did not originate with Butts, the 
present classification for the lower Middle Ordovician of the Shenandoah Valley 
was introduced (Butts and others, 1932, p. 40-49) and was subsequently elaborated 
upon by him, without significant modifications (Butts, 1933, p. 13-20, map; 1940, p. 
119-201). His classification is the result of his regional interpretations of the Middle 
Ordovician in the Appalachian Valley from Pennsylvania to central Alabama. 
Throughout the Shenandoah Valley, Butts has identified the dove-gray Tetradium 
syringoporoides-bearing calcilutite as the Mosheim limestone (1940, p. 111-114, 
136-139) and the overlying cherty limestone as Lenoir. The light-gray, pure lime- 
stone, overlying the Dinorthis beds in the vicinity of Lexington, Rockbridge County, 
and in the southernmost parts of the Shenandoah Valley, has been called Holston. 
The succeding thin dark-gray coarse-grained limestone, extending as far north as 
Mt. Jackson and Forestville, in Shenandoah County, Butts called the Whitesburg. 
In the same area, the thick body of black limestone and shale was identified as 
Athens. The succeeding Nidulites beds and the zone of shaly silty limestone con- 
taining Christiania[Bimuria]and Reuschella “‘edsoni”’ were classed with the Chambers- 
burg limestone. According to Butts (1940, p. 164), the thick body of black limestone 
and shale thins to the northeast and, on the western side of the Massanutten syncline, 
wedges out near Broadway and Mt. Jackson. On the east side of the syncline, 
the Athens black limestone and shale were regarded as extending much farther 
north, past Riverton, possibly as far as the West Virginia line. The Whitesburg 
was identified locally in a section near the mouth of Narrow Passage Creek 3-4 miles 
south of Woodstock, and the possibility that the 50 feet of cobbly limestone directly 
beneath his basal Chambersburg along Tumbling Run, southwest of Strasburg, 
represents the Whitesburg was considered (Butts, 1940, p. 155). Butts believed the 
Athens was absent in the Tumbling Run section and referred to the Chambersburg 
limestone all the succession beginning 80 feet below the siltstone and extending up 
to the base of the Sinuites zone. 

During June and July 1943, Butts, investigating further the relationship of the 
Athens to the Chambersburg in the Shenandoah Valley, concluded that the Athens 
pinches out near Mt. Jackson and is unconformably overlapped by the Chambersburg 
limestone. At the close of this investigation B. N. Cooper in company with Butts 
and Edmundson examined several sections of the Middle Ordovician between Tum- 
bling Run and Lacey Springs, but Cooper did not agree with Butts that the Athens 
pinched out to the north. The possible interfingering of Butts’ typical Athens of 
the Harrisonburg area with the bulk of the Chambersburg as developed along Tum- 
bling Run seemed to be a plausible, alternative interpretation. 

Craig (1942) has subdivided the Chambersburg of southern Pennsylvania into 
three formations—in ascending order, the Shippensburg limestone, Mercersburg 
limestone, and Greencastle formation. The Greencastle was named by Bassler 
(1919, p. 149-154) and was defined as overlying the Christiania bed. In Virginia, 
the Sinuites bed of the basal Martinsburg directly succeeds the “‘Christiania’’ bed, 
and no beds in the supposed position of the Greencastle have been found. Ship- 
pensburg and Mercersburg have no validity, because the names were mentioned 
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only briefly in an abstract, with no sufficiently detailed account of their faunas or 
lithologic characters to warrant use of the names by others. 


ANALYSIS OF PREVIOUS WORK 
STONES RIVER 


The name Stones River was introduced into the northern Appalachian region by 
G. W. Stose (1909) largely at the behest of Ulrich who had come to regard the Stones 
River of central Tennessee to be represented in the Appalachian region by limestones 
immediately above the Beekmantown. Stose’s Stones River formation of Penn- 
sylvania was described as foliows: 


Geologic section 3.—Section of basal beds of Stones River limestone at Martinsburg, West Virginia, 
measured by Ulrich and Stose (1909) 


Thom 
ee 
4. Light to dark drab limestone banded with thin earthy or magnesian seams........... 275 
i EE Dai, WN io aici te sos ori fas vt Sos o MSS Sacdah Pega ols Hai mans 200 
2. Dark-gray to dove-colored fine even-grained pure limestone (quarried)............... 100 
1. Similar fine-grained dove-colored limestone, increasing downward in magnesium (quar- 
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The beds which Stose called Stones River are almost continuously exposed along 
a creek, just north of the type section of the Chambersburg formation. 


Geologic section 4.—Post-Beekmantown, pre-Chambersburg limestones near the Cumberland Valley 
Railroad, about 2 miles southwest of Marion, Franklin County, Pennsylvania 


— 
ee 
Chambersburg limestone (as emended by Butts and others, 1932, p. 16) 
Pre-Chambersburg beds (including Stose’s Lowville and Stones River; 1042 feet) 
16. Calcilutite, light-gray, with Tetradium cellulosum...... 2.0.6 6c cc eens 63 
15. Limestone, dove-gray pure layers and drab-gray magnesian layers interbedded.. 17 
14, Limestone, dark-bluish gray, fine-grained, contains nodules of black chert....... 39 
13. Calcilutite, medium-bedded, dove gray, contains Tetradium cellulosum.......... 135 
12. Limestone, fine-grained, drab gray, magnesian.................cceceeeeeeeeee 10 
21, Cobeiiitite, Cire ete, CR es od 3.6055. «sip o'e 0 0,0'os KRY EDRs a HREM 28 
10. Calcilutite, dove gray, thin-bedded; includes thin intercalations of dark-bluish 
gray limestone; Leperditia and single-tubed Tetradium at the top............. 66 
9, Limestone, dark gray, medium- to fine-grained, very cherty; contains Camerella, 
CM UE TI os oss Raeetee tet Paden Gelehads rede. ederesved 77 
8. Limestone, medium-bedded, bluish gray, sparsely cherty...................... 99 
7. Limestone, dark gray, medium-grained, contains Camerella and Opikina near the 
De | Te ae ee ee te ee 138 
6. Limestone, very cherty at top, bluish gray; contains Hesperorthis, Multicostella 
STONES, GN: OT SOI, o.oo os oa 5s cb claeless niplajawdns dumasesale the « 140 
5. Limestone, bluish gray, granular, contains Maclurites magnus and ‘“‘Camerella” lon- 
IIR 5 nd: aaibin, ed sce tinip © 6 Sie Kg VSN ST RAMEN Coen ee bike ee ea 21 
4. Uismeitene, very init, Dies ets oss 2 52055). ie lessiaws stes scaicesscaumareies 62 
3. Limestone, bluish gray, granular, contains Maclurites...............0 cece ueee 17 
2. LABORS, Cart Bie, Giie-wiGMee os os iss03s fae so 2s op :eaiijey eee ws se eg eiee sans 70 
1. Calcilutite, dove gray to light bluish gray; weathers with a thin chalky crust; con- 


tains several Lophospira-type gastropods and Tetradium syringoporoides; lower 
CUED: SAAT I oa oi 5s xo 8 pedi vewesassedns perinthwemeenened 30-60 
Beekmantown group 
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Part of the 358-foot succession of dove-gray fine-grained limestones (units 10 
to 16) was assigned by Stose (with Ulrich’s agreement) to the Stones River, but 
the upper 150 feet, said to contain Tetradium cellulosum and Leperditia aff. L. fab- 
ulites abundantly and also Orbignyella wetherbyi, Strophomena cf. S. emaciata, Zygo- 
spira recurvirostris, Protorhyncha sp., Leperditella tumida, Isotelus, Calliops 
callicephalus, and Ceraurus pleurexanthemus, all Black River or higher fossils, was 
made the basal division of the Chambersburg. 

Stose (1909, p. 7) and Ulrich also measured 675 feet of Stones River limestone 
at Martinsburg, West Virginia, but their interpretation of the Martinsburg section 
seems to be in error, as indicated by Woodward (1939, p. 102). As is well shown in 
the east environs of Martinsburg, the pure dove-gray calcilutites, which have been 
extensively quarried, directly underlie the Chambersburg limestone, whereas Stose 
and Ulrich identified 475 feet of Stones River limestone above the quarry beds and 
below the Chambersburg. 

Use of the name Stones River was later extended into Maryland and Virginia 
by Bassler (1919, p. 117-129). At Wilson, 7 miles west of Hagerstown on U. S. 
Route 40, and also near Pinesburg Station along the Western Maryland Railroad, 
near Williamsport, Maryland, he identified the dove-gray limestones directly beneath 
the Echinosphaerites beds of the Chambersburg as the upper division of the Stones 
River limestone (Geologic section 5). 


Geologic section 5.—Pre-Chambersburg limestones along U. S. Highway 40, Wilson, Maryland 


ipa 
ee 
Chambersburg limestone (about 325 feet fully exposed). 
Pre-Chambersburg, post-Beekmantown limestones (541 feet) 
es RN da ana 5.cas he Co tainted Waiasiks POMS ass d kan Cad caw 48 
16. Calcilutite, with buff-gray clayey partings; contains Tetradium cellulosum...... 11 
15. Limestone, mealy to dark gray, with buff clayey stringers..................- 4 
14. Calcilutite, dove gray, with buff partings. ...............ceece cece cece eens 8.5 
13. Calcilutite, dove gray; contains Tetradium cellulosum, cephalopods, and abundant 
PIE, ons 2 OER, SGN a Ree ace eeesccclda ec eeeR eee tet asic 2.8 
12. Limestone, finely granular; buff mealy partings...........-..0eeeeeeeeeeees 14 
11. Limestone, dove gray, laminated; contains thin partings of buff clayey lime- 
I io eas shoelace acc caaienatsvuses becouse siatedadlvaanewanes 9 
10. Limestone, medium-grained, drab gray striped with buff-gray clayey partings; 
PU III og s Cac KoPb eR LCGAS os tesa ce etn adaasaveinwwe Sen ns 38 
9. Limestone, finely granular, slightly magnesian. ..................6-e eee eees iS 
S.. Coletiatite, Gove army, WMRaG... oo 65 in oie see es cece ctioiacissaceneton 1.5 
7. Limestone, finely granular, light bluish gray, thin and irregularly bedded; 
contains partings of magnesian limestone. .............------eeeeeeeeeeee 45 
6. Magnesian limestone and dolomite, buff gray; contains intercalated thin beds 
eA IIIIIII ooo oo cvs cuicwleewnc'sete vould oss Minwlanhecleseilsie.sd 9 
5. Limestone, dark bluish gray to brownish gray, very fine-grained, dense; contain 
Umea Time A GRIN oa anon oii sien cowie cence sarvereswese sey 23 
4. Limestone, very finely granular, light gray, rather thin-bedded; beds are thin 
Fee en RRM Ge ee eer NA eee ere OP ere ere eee ee oe 55 
3. Limestone, very finely granular, pearl gray; lower part faintly laminated. ..... 74 
2. Limestone, finely granular, medium gray..................eeeceeereeeeeees 43.5 
1. Calcilutite, dove gray, thick-bedded; contains large gastropfods and Tetradium 
EE OC CT OCT TT ee eT eee ee eee ee 123 


Beekmantown dolomite and limestone 
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The fine-grained beds so identified in the Maryland sections are lithologically 
and faunally indistinguishable from the upper part of the 358-foot section of dove- 
gray, Tetradium cellulosum-bearing limestones beneath the type Chambersburg, 
2 miles southwest of Marion, Pennsylvania. In other words, beds apparently the 
same as those identified as lower Chambersburg and interpreted to be of Lowville 
age in the section near Marion, Pennsylvania, were identified as Stones River lime- 
stone in Maryland. 

Bassler’s assignment of 900 feet of beds to the Stones River along Tumbling Run, 
southwest of Strasburg, Virginia, was apparently based on the assumption that 
the thick section of fossiliferous limestones beneath the type Chambersburg of 
Pennsylvania persisted southward into Virginia. Actually, only 175 to 180 feet of 
post-Beekmantown, pre-Chambersburg limestone occurs along Tumbling Run, 
southwest of Strasburg. 

In the vicinity of Harrisonburg, Bassler referred the relatively thick body of 
Tetradium syringoporoides-bearing calcilutite and the overlying cherty limestone 
to the Stones River. The usage of the name was not the same as at Strasburg, 
where the cherty, Dinorthis atavoides beds were considered the basal division of the 
Chambersburg. 

In spite of repeatedly asserted correlation of the 1000-foot succession of limestone 
above the Beekmantown and below the Chambersburg in southern Pennsylvania 
with the Stones River of Tennessee, no substantial evidence was ever submitted in 
support of it. As recently shown (B. N. Cooper, 1945, p. 262-275), the true Stones 
River equivalents in the Appalachian region are not at the base of the lower Middle 
Ordovician. The Stones River seems clearly to be post-Chazyan and is very prob- 
ably represented in the Chambersburg. Giles’ (1927) claims of the existence of 
easily identifiable correlatives of the Murfreesboro, Pierce-Ridley, and Lebanon 
are not supported by any field evidence. 


MOSHEIM AND LENOIR 


No stratigraphic names are more deeply embedded in Appalachian stratigraphy 
than Mosheim and Lenoir. Until recently (Cooper and Prouty, 1943), these two 
formations, as identified by Butts (1933; 1940; Butts and others, 1932), have been 
generally considered distinctive and readily identifiable stratigraphic units which 
are persistent throughout the middle and southern portions of the Appalachian 
Valley. Actually these two units have been misidentified in much of the Appalachian 
Valley of Virginia, and confusion regarding these formations has resulted in misi- 
dentification of many of the succeeding formations. The relationship of the type 
Lenoir to the type Mosheim needs clarification and was investigated by the writers 
in 1944, 

At Mosheim, Tennessee, the dove limestone just above the Knox dolomite is 
overlain by 5-10 feet of impure granular crumbly-weathering limestone containing 
a few orthoid brachiopods, Mimella and Valcourea, and trilobites, which correlate 
these beds with the middle beds of the type Lenoir. The type Mosheim therefore 
occupies the stratigraphic position of the lowest division of the type Lenoir. Since 
the basal Lenoir at Lenoir City, contains intercalations of dove-gray limestone 
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resembling the Mosheim, it is not unlikely that the type Mosheim is equivalent 
to part of the Lenoir. 

In the limestone belt which passes through Lenoir City and Philadelphia, Ten- 
nessee, the type Lenoir directly overlies the Knox dolomite and exhibits a distinct 
three-fold development. The lower 15 to 25 feet is composed chiefly of mealy- 
weathering dolomitic mudrocks with intercalated beds of dove-gray calcilutite. The 
middle division, 25-45 feet thick, is impure limestone containing Mimella nuclea 
(Butts), distinctive but undescribed species of Valcourea and Hesperorthis, and the 
characteristic coral Billingsaria parva. The upper 100 to 125 feet is dark-gray, 
medium-grained, sparsely cherty limestone with Maclurites “‘magnus” the only 
common fossil. In the exposures between U.S. Route 11 and the Southern Railway 
1} miles southwest of Philadelphia, the limestones of the lower division of the Lenoir 
grade vertically and laterally into dolomitic mudrock. In the type exposures at 
Lenoir City, 4-9 feet of dove-gray limestone, not unlike beds elsewhere called Mos- 
heim, occur at the base of the Lenoir and are overlain by 7.5 feet of dolomitic mud- 
rock. The basal Lenoir calcilutite and these mudrocks are separated by 2-18 
inches of shaly limestone crowded with Rostricellula pristina (Raymond) (Pl. 2, 
fig. 17). The lithologic similarity, stratigraphic position, and the occurrence of 
this fossil correlate the lower dolomitic division of the typical Lenoir with the lower 
Blackford of southwestern Virginia. If the calcilutite at the base of the type Lenoir 
were to be called Mosheim, the identification would have to be based wholly on 
lithologic resemblance which is not very pronounced. Near Friendsville, Tennessee, 
where the Lenoir is prominently displayed, Mosheim-type limestones occur at several 
horizons. The lowest “Mosheim” zone, 10-35 feet thick, contains a few reddish 
mudrocks like those in the lower Blackford of southwestern Virginia. In the north- 
east environs of Friendsville, where the lower ‘““Mosheim” zone is developed, the 
lower dolomitic division of the typical Lenoir is absent, and the basal calcilutite 
is overlain by the middle, fossiliferous division of the Lenoir. These ““Mosheim” 
beds may be a dove limestone facies of the lower Lenoir. In the vicinity of Friends 
Church, in the northwestern corner of the town, “Mosheim” beds appear at two 
or three levels in the Lenoir, none of them at the base of the formation, which is 
there made by fossiliferous reefy limestone. Since the real Lenoir contains more 
than one intercalation of dove-gray calcilutite and since a substantial part of the 
lower Lenoir seems to be supplanted by this type of limestone, the writers believe 
the beds with “Mosheim” lithology are a facies of the typical Lenoir. Probably 
the type Mosheim is a calcilutite facies representing a substantial part of the true 
Lenoir. Certainly, usage of the name Mosheim for a pre-Lenoir stratigraphic 
division should not be extended hundreds of miles away from the type locality, when 
evidence that the Mosheim underlies the Lenoir is wholly lacking in critical localities. 
Even if there were a pre-Lenoir Mosheim, as Ulrich and Butts have long maintained, 
it could not be the Tetradium syringoporoides beds of Northern Virginia. This 
zone is equivalent to the Blackford dolomitic mudrocks which correlate with the 
lower division of the type Lenoir, whereas the Mosheim according to Ulrich and 
Butts is below the Lenoir. 
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The Dinorthis atavoides beds which Butts (1940) has identified as Lenoir in the 
middle and northern parts of the Shenandoah Valley and in much of southwestern 
Virginia appear wholly unrelated to the typical Lenoir of Tennessee. The fossils 
in the middle division of the real Lenoir are unknown in Butts’ Lenoir of the Shenan- 
doah Valley. Furthermore, the dinorthid and sowerbyellid brachiopods—the domi- 
nant elements in the supposed Lenoir of the Shenandoah Valley—are unknown not 
only in the real Lenoir but also in the New York Chazy. Although Maclurites 
magnus occurs abundantly in the upper 100-125 feet of the Lenoir and in the Dinorthis 
ataveides zone in the Shenandoah Valley, that fossil has also been reported from so 
many other formations that it has no index value. Although the genera Hesperorthis, 
Valcourea, Camerella, Mimella, and Multicostella are represented in the lower division 
of Butts’ Lenoir southeast of Staunton, the species are not the same as those occurring 
in the New York Chazy and in the typical Lenoir of Tennessee; hence, no positive 
correlation with these beds can be established. 

Correlatives of the real Lenoir, much the same in thickness, fauna, and lithology 
as the Lenoir in the Philadelphia-Lenoir City belt in Tennessee, have been identified 
by the writers in the Marion-Bristol sector of the Appalachian Valley in Virginia. 
Along U. S. Route 11 southwest of Marion, Virginia, where the three divisions of the 
typical Lenoir are well developed, no “‘Mosheim” seems to occur. However; in 
the abandoned stone quarry in the northeast environs of Marion, 35-40 feet of 
calcilutite resembling the beds at Mosheim, Tennessee, immediately overlies the 
Canadian dolomite. The succeeding Lenoir consists of only 8 feet of Maclurites- 
bearing limestone, which is overlain by the “Whitesburg.” Possibly the ‘“‘Mosheim”’ 
calcilutites in the Marion quarry represent most of the Lenoir which occurs west 
of the town and in the Philadelphia-Lenoir City belt in Tennessee. Although the 
name Lenoir might be suitable in the Marion-Bristol sector, it should not be used 
for the Dinorthis atavoides zone. 


MURAT 


The Murat, as originally defined by Campbell (1905, p. 445-447), included the 
cherty Hesperorthis beds, as well as the succeeding thick zone of light-gray calcarenite 
and associated cherty limestones with Dinorthis atavoides, in the general vicinity of 
Lexington, Rockbridge County. The Tetradium calcilutite at the base of the lower 
Middle Ordovician was probably classed by Campbell with the tNatural Bridge 
limestone. 

Bassler identified the granular, clastic-textured, algal limestone below the Di- 
northis atavoides zone in the northeast environs of Staunton, Augusta County, as 
Murat but apparently excluded the succeeding cherty beds. Butts regarded the 
Murat as applicable only to the coarse-grained limestone and mistakenly believed 
the granular beds to be younger than any pari of the associated cherty limestone 
which was identified with the Lenior. Thus, Murat, regarded as a synonym for: 
Holston, ceased to be used. However, as originally defined, the Murat included 
not only the granular beds but also the associated cherty limestones. Butts pre- 
sumably was not aware that cherty limestones with Sowerbyites iriseptatus and Di- 
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northis atavoides, which he has identified elsewhere as Lenoir, actually overlie the 
granular beds which he called Holston (Geologic section 40). Obviously, Holston 
is an inappropriate name for the granular beds because the Holston is supposed 
to be younger than the Lenoir. As previously indicated (Cooper, 1944, p. 59-60) 
Holston cannot be regarded as a time-stratigraphic name but is rather a convenient 
name for a characteristic facies of lower Middle Ordovician limestone in the southern 
Appalachian region. Thus Murat could reasonably be revived and used as a 
facies name for the coarse-grained calcarenites associated with the Dinorthis 
atavoides beds in the northern Appalachian region. 


WHITESBURG AND ATHENS 


Butts (1940, p. 159-170) has used the name Athens in Virginia for the thick body 
of black shale and dense black limestone below the Martinsburg in the south- 
eastern belts of the Appalachian Valley of Virginia. Shales are most prominent 
near the west foot of the Blue Ridge and in some places are largely supplanted by 
coarse arkosic beds. The dense black limestone facies is best developed in the 
vicinity of Harrisonburg. The most characteristic feature of the Athens is the 
abundant graptolites in the shaly layers. The Whitesburg is generally regarded as 
occurring just below the base of the Athens, but the few feet of dark-gray calcarenitic 
rock generally identified as representing all the Whitesburg is faunally very similar 
to succeeding beds of the so-called Athens. In a well-exposed section 1.6 miles 
south of Bethel Church and 6 miles east of Harrisonburg (Geologic section 24), 
Butts’ Multicostella whitesburgensis and “Whitesburg” forms of Ptychoglyptus occur 
250-300 feet above the brown-weathering “trilobite beds’ representing Butts, 
Whitesburg, and above graptolite-bearing black shales. 

From the Walker Mountain belt of the Whitesburg and Athens, G. A. Cooper 
has collected a great variety of excellently preserved brachiopods and trilobites 
from the so-called Whitesburg limestone and graptolitiferous shale, in the Porter- 
field quarry of the Mathieson Alkali Works, near Saltville, Smyth County, Virginia. 
About 1.3 miles S. 30° E. of Sharon Springs, Bland County, about 30 miles northeast 
of Saltville in the same belt of outcrop, the writers collected many of the same fossils 
from Athens beds at least 250 feet stratigraphically above the dark-gray coarsely 
granular trilobite beds yielding fossils in the Porterfield quarry. 

The type Athens is devoid of black shale and black limestone and is predominantly 
a calcareous siltstone or fine-grained sandstone. The type Whitesburg, composed 
of black limestone and intercalated graptolitiferous shales with an aggregate thickness 
of 500 feet, is faunally and lithologically similar to the beds identified as Athens in 
Virginia. Indeed the typical Whitesburg limestone near Bulls Gap, Tennessee 
and the limestone phase of the Athens of southwestern Virginia represent the limy 
equivalents of the Athens of Tennessee. Since recent work by Rodgers (Schuchert, 
1943, p. 321) suggests that the Tennessee Athens grades laterally into beds identified 
as Lenoir, there is ample reason for postponement of usage of the Tennessee names 
in any part of Virginia until their precise relations in the typical areas are fully 
clarified. 








—— a i ie me ee | i 


a obo Oo A ta of wD 


io) 


al 





ANALYSIS OF PREVIOUS WORK 


LIBERTY HALL 


Campbell (1905, p. 445-447) gave the name Liberty Hall to the thick body of 
limestone directly succeeding the light-gray, coarse-grained Murat limestone, in 
the vicinity of Lexington, Virginia. In all probability, he meant to include in the 
Liberty Hall limestone the basal granular layers which Butts (1940, p. 155) identified 
as Whitesburg. 

The name Liberty Hall was abandoned (Wilmarth, 1938, p. 1179) when it was 
concluded that the beds were equivalent to the Athens, a priorname. It now appears 
that Liberty Hall should be revived, because the replacing name Athens is too 
restricted. The Liberty Hall undoubtedly includes beds of different ages in various 
parts of the northern part of the Appalachian Valley of Virginia. To have any 
enduring standing as a stratigraphic name, Liberty Hall should be used only as the 
name for a characteristic facies, and not as a name for a definite time-stratigraphic 
unit. 


CHAMBERSBURG AND LOWVILLE 


The name Chambersburg, as now generally used, applies to a formation of lime- 
stone believed to be above the Lowville and below the Sinwiies beds at the base of 
the Martinsburg shale. It includes, in ascending order, the lower Echinosphaerites, 
Nidulites-Lambeophyllum, and Christiania [Bimuria] zones, and also the so-called 
Greencastle beds of Bassler (1919, p. 131, 143-144). The Tetradium cellulosum beds, 
originally classed as the basal member of the type Chambersburg by Stose (1909), are 
now regarded as a separate formation, supposedly the Lowville (Butts and others, 


1932, p. 16). 

The 150 feet of limestone with Tetradium cellulosum, identified as Lowville by 
Stose, Ulrich, and later Butts, is faunally and lithologically inseparable from the 
underlying 200-foot succession of calcilutite which also contains this fossil. Since 
the 358 feet of Tetradium beds near Marion, Pennsylvania, is dissimilar in appearance 
and fossils to the succeeding Chambersburg, Butts’ emendation of the original 
Chambersburg is adequately justified. However, positive identification of the 
Tetradium cellulosum beds as New York Lowville seems unjustified although they 
are undoubtedly of Black River age. This zone is not the same as the so-called 
Lowville identified by Stose and Ulrich at Fort Loudon, Dickey, and St. Thomas, 
Pennsylvania. 


Geologic section 6.—Emended Chambersburg formation in the type locality, 2 miles southwest of Marion, 
Pennsylvania 
Thickness 
Feet 
Martinsburg shale 
Chambersburg limestone (749 feet) 
Reuschella “‘edsoni”? beds 
10. Limestone, argillaceous, cobbly weathering; contains intercalated silty layers and 

thin beds of coarsely granular limestone. Fossils include Lingulasma sp., 
“Leptobolus’”’ ovalis Bassler, “Sowerbyella’’ pisum (Ruedemann), Christiania 
trentonensis Ruedemann, Bimuria lamellosa (Bassler), and Echinosphaerites 


aurantium (Gyllenhahl) 
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Nidulites beds 
. Limestone, cobbly, argillaceous, dark gray 
. Limestone, black dense, slabby; clayey partings and thin silty layers near the top.. 122 
. Limestone, dark gray to black, fine-grained, dense, relatively even-bedded 
. Limestone, nodular, dark gray, impure; contains Caryocystites 
. Limestone, dark gray to black, weathers cobbly; contains thin buff-weathering 
partings of clay; Nidwites 70 
4. Limestone, gray, argillaceous, weathers nodular — 
3. Limestone, black, fine-grained, slabby; contains Nidulites....... 46 
Lower Echinosphaerites beds 
2. Limestone, cobbly, very argillaceous, with partings of buff metabentonitic clay 
near the top; contains Oxoplecia sp., Dinorthis cf. D. transversa Willard, Corineor- 
this, Schizambon sp., Resserelia cf. R. rogata (Sardeson), Calliops cf. C. annulatus 
(Raymond), Bumastus sp., Chasmatopora sp., and Echinosphaerites 


Geologic section 7—Chambersburg limestone 2.6 miles S. 12° W. of St. Thomas, Franklin County, 
Pennsylvania 
Martinsburg shale bes = I 
Chambersburg limestone (225 feet) 
8. Limestone, coarse-grained, gray, clayey partings; “Leptololus ovalis” 
7. Limestone, black, fine-grained, irregularly bedded, contains Receptaculites cf. R. 
occidentalis Billings 
6. Limestone, dark gray, fine- to medium-grained, weathers cobbly 
5. Limestone, dark gray, impure; contains intercalated beds of pebble conglomerate 
and calcarenite; Cryptophragmus antiquatus Raymond occurs near the top 
4. Limestone, dark gray; granular calcarenite at top contains Caryocystites; lower 
beds contain Nidulites 
3. Limestone, black, cobbly, largely covered 
2. Limestone, dark gray, fine-grained, only partly exposed in road ditches; contains 


“Stones River” limestone 
1. Calcilutite, dove gray; contains impure magnesian layers; base not exposed 


Ulrich (1911, p. 325) correlated the 150 feet of dove-gray Tetradium cellulosum- 
bearing calcilutite, which Stose made the basal (Lowville) division of the type 
Chambersburg, with the Cryptophragmus-bearing limestone above the horizon of 
Caryocystites in the Mercersburg quadrangle (unit 5, Geologic section 7). As shown 
in Figure 3, this correlation seems to be in error. Because Caryocystites occurs in 
the Nidulites-Lambeophylium zone of both the St. Thomas and the type Chambers- 
burg sections, it is most reasonable to regard the occurrences as at approximately 
the same horizon. Since the Tetradium cellulosum beds originally classed with the 
type Chambersburg are more than 300 feet below the horizon of Caryocystites, it is 
very unlikely that they are equivalent to the Cryptophragmus-bearing limestone 
occurring above the horizon of Caryocystites in the section near St. Thomas. 

As previously mentioned, Ulrich (Stose, 1909, p. 7) has identified many typical 
Black River fossils from the Tetradium cellulosum beds originally classed with the 
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Chambersburg, namely: Orbignyella wetherbyi, Strophomena cf. S. emaciata, Zygospira 
recurvirostris, Protorhyncha sp., Leperditia ci. L. fabulites, Leperditella tumida, 
Isotelus sp., Calliops callicephalus, Ceraurus pleurexanthemus, and Tetradium cellu- 
losum. None of these, except Leperditia fabulites, has ever been cited from beds 


Type section Section 2.6 miles 
of the Chambersburg S.12°W. of St. Thomas 


Feet 
300 
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Ficure 1.—Positions of supposed Lowville equivalents in southern Pennsylvania 


older than Black River. At present, the thick zone with Tetradium cellulosum, 
which occurs below the type Chambersburg, should be regarded as wholly or in 
part equivalent to the Pamelia and Lowville formations of the Black River group 
of New York. The beds with Cryptophragmus, at Dickey, Fort Loudon, and near 
St. Thomas, Pennsylvania, would necessarily by younger than the Tetradium cellu- 
losum beds of the section near Marion, Pennsylvania. The above-mentioned sections 
show beyond reasonable doubt that Cryptophragmus antiquatus and Tetradium 
cellulosum do not necessarily signify the same stratigraphic zone, or any zone in 
particular as previously supposed (Butts, 1928, p. 365). 

In Virginia, the Chambersburg limestone is supposed to be younger than the 
Lowville (Butts, 1940, p. 195) and together with the Eggleston formation is regarded 
as representative of the late Black River (Leray of Chaumont) of New York. In 
parts of Shenandoah and Rockingham counties, Virginia, Cryptophragmus antiquatus 
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occurs rather abundantly 20-75 feet below the Reuschella edsoni zone—in essentially 
the same position as at Dickey, Fort Loudon, and St. Thomas, Pennsylvania. These 
occurrences indicate that the Chambersburg either includes the Lowville and Pamelia 
or Cryptophragmus is not confined to these beds. In deliberating these alternatives, 
it should be remembered that the type section of the Chambersburg is underlain 
by a succession of calcilutites containing Black River fossils and that the position 
of this thick zone with Tetradium cellulosum is hundreds of feet below the rather 
abundant occurrences of Cryptophragmus near the top of the Chambersburg, as 
seen in numerous other sections. 


INDEX VALUE OF CRYPTOPHRAGMUS 


Cryptophragmus antiquatus Raymond (= Beatricea gracilis Foerste) has long been 
regarded as an unmistakable guide to the Lowville by Ulrich, Butts (1928, p. 
365), and others. More recently, Kay (1944, p. 1-23, 97-116) has interpreted this 
fossil as an index to the Pamelia and basal Lowville of New York. The first of 
several discoveries of anomalous occurrences of Cryptophragmus in the Shenandoah 
Valley was made by Edmundson during the summer of 1942. The fossil was found 
with Nidulites in the upper part of a thick succession of black limestones exposed 
in che west environs of New Market, Shenandoah County. Another specimen was 
found at the same locality, during the field conference of 1944. 

Another Cryptophragmus was found in a section near State Highway 274, about 
1.7 miles southwest of Wadesville, Clarke County. The specimen (see Pl. 2, fig. 2) 
was collected from a cobbly, argillaceous limestone 230 feet below the lowest occur- 
rence of Nidulites, about 35 feet above the highest Echinosphaerites, and 20 feet 
below a siltstone containing Resserella, a genus hitherto unknown below the Rock- 
land. Four specimens of Cryptophragmus, in association with species of Camaro- 
cladia, Helicotoma, and Subulites, were found about 50 feet below the Reuschella 
““edsoni’”’ zone and 25 feet above the highest occurrence of Nidulites on the M. M. 
Bowman farm, one-fourth of a mile east of U. S. Route 11, about 500 feet north of 
County Road 721, and about a mile south of Woodstock. About 200 feet lower 
in the section another specimen occurs on the same slab with abundant Niduliies 
(Geologic section 21). Several excellent specimens of Cryptophragmus were found 
in dove-colored limestone, possibly 75 feet above the top of the Nidulites zone and 
about 30 feet below the Reuschella ‘‘edsoni” zone, 300 feet west of the intersection of 
Roads 691 and 692, about 3.5 miles N. 70° W. of Edinburg, Shenandoah County. 
A dozen or more specimens of Cryptophragmus occur in thin partings of calcarenite 
intercalated in dense black limestone 20-60 feet below the base of the Reuschella 
“edsoni” zone, 1.5 miles north of Edinburg (Geologic section 11); at Cedar Grove 
Church about 3.7 miles south of Mt. Jackson (Geologic section 22), and in the fields 
just north of Road 753, about 0.4 mile west of Linville Station. Another excellent 
specimen (See Pl. 2, fig. 1), occurring in a bed containing Lambeophyllum and Nidu- 
lites, was collected from typical cobbly Chambersburg limestone about 800 feet 
N. 80° W. of the intersection of Roads 691 and 694, about 2.5 miles west of Lantz 
Mills, Shenandoah County. Hence, forms of Cryptophragmus indistinguishable 
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from C. antiquatus range through several hundred feet of beds and are most common 
between the Nidulites and Reuschella zones of the Chambersburg. The Pamelia 
and lower Lowville occurrences of this fossil may come within the range of Crypto- 
phragmus, as recently determined in the Shenandoah Valley, but, since Black River 
fossils occur below the type Chambersburg, the Pamelia equivalents, if present, 
must range below the base of the Chambersburg. Okulitch (1939, p. 319-339) 
records Cryptophragmus from beds as old as the Pamelia and as young as the Cobo- 
conk limestone, which he interprets as upper Black River, but which Kay (1937, 
p. 256-257) believes to be early Trenton (Rockland). 

The above-stated occurrences and relationships of Cryptophragmus, with respect 
to the lower Middle Ordovician beds in the Shenandoah Valley, demonstrate that 
Cryptophragmus antiquatus is not restricted to a narrow stratigraphic zone. Con- 
siderable basis exists for tentatively regarding the abundant occurrences of this 
fossil near the top of the Chambersburg of the Shenandoah Valley as essentially 
the same age as the horizon of Cryptophragmus in the high Black River Witten 
limestone of southwestern Virginia and the Lebanon limestone of central Tennessee. 
In all three areas, Camarocladia is an invariable associate of Cryptophragmus, and 
a profusion of gastropods, mainly referable to Helicotoma, Subulites, and Omospira 
occurs in the same beds. Also, the Witten occurrences of Cryptophragmus are not 
far above the beds with Foerstephyllum “‘halli” (Cooper, 1944, p. 83-92). This 
coral and the characteristic brachiopod Doleroides occur just below the beds with 
abundant Cryptophragmus a few miles northwest of Edinburg (Geologic section 12) 
and also in the Wardell formation beneath the Witten of southwestern Virginia. 


INDEX VALUE OF NIDULITES PYRIFORMIS 


In the Shenandoah Valley, Nidulites pyriformis is regarded by Butts (1940, p. 
200-201) as ‘‘.. .the most important fossil for the identification of the Chambers- 
burg.” The genus Nidulites makes its appearance in the form of NV. ovoides Butts 
in the Dinorthis atavoides zone of Virginia (Geologic section 27). Nidulites pyriformis 
is very common in the Ward Cove limestone of Tazewell County, Virginia, which 
was formerly regarded as lower Ottosee (Butts, 1940, p. 170-178). It has also been 
seen in the upper part of the “Athens” along Walker Mountain (Cooper, 
1944, p. 66-68). 

The range of Nidulites pyriformis in the Chambersburg is well shown in the section 
along U. S. Route 40, about 7 miles west of Hagerstown, Maryland. 


Geologic section 8.—Chambersburg limestone along U. S. Route 40 near Wilson, about 7 miles west of 
Hagerstown, Maryland 
Thickness 
Feet Inches 
Section begins at west end of highway bridge across Conococheague Creek 
Chambersburg limestone (316 feet) 
16. Limestone, cobbly, somewhat granular; upper part of zone probably in 
contact with the basal Martinsburg, but not exposed; contains Chris- 
tiania and “Sowerbyella” pisum (Ruedemann) 
15. Limestone, cobbly, black 
14. Metabentonite 
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Thickness 
Feet Inches 


. Limestone, fine-grained, cobbly 12 
. Siltstone, shaly, buff 1 
. Metabentonite 
re eileen showy, NU acest rap aipcaaet dee pre PR ieee ie ar Reet a tem. eS 
. Limestone, fine-grained, black, cobbly......................... 
. Metabentonite, buff 
. Limestone, black, shaly streaks, cobbly; contains a few Nidulites pyrifor- 
. 17 
. Limestone, thick-bedded, contains gastropods and Camarocladia and a 
few Nidulites pyriformis 50 
. Limestone, black, slabby to cobbly; Nidulites abundant 30 
. Limestone, black, thick-bedded 13 
. Limestone, black, slabby; Nidulites abundant 54 
. Limestone, very cobbly; contains many partings of buff clay; a large 
Corineorthis 14 feet below the top, a layér crowded with Echinos phaerites 
11 feet lower, and Nidulites pyriformis to within 10 feet of the base.... 71 
Pre-Chambersburg, post-Beekmantown limestone 
1. Calcilutite, with intercalated impure layers; contains Tefradium cellulosum 
and Leperditia fabulites; described in detail in Geologic section 5)........ — 


Here, as in the Shenandoah Valley of Virginia, Nidulites pyriformis occurs sparsely 
in the limestones not far below the Christiania or Rueschella “edsoni” zone and 
abundantly in the middle part of the formation. Its occurrence in the lower Echino- 
sphaerites zone is relatively sparse, and in a casual search for fossils it is apt to be 
missed. Nidulites has not been seen in Virginia in the granular beds containing 
abundant Cryptophragmus, or in_succeeding beds. 

Nidulites seems to characterize a certain peculiar variety of Middle Ordovician 
limestone which is finely granular, thin-bedded, and weathers smoke gray. In these 
beds, as at Vaucluse (Geologic section 16), Nidulites occurs in great profusion. It 
is generally sparse in cobbly beds, for example, at Wilson, Maryland, and in the 
well-exposed section 4.6 miles N. 69° W. of Edinburg, Shenandoah County. It 
is even rarer in dense black limestones, such as are so prominent in the vicinity of 
Harrisonburg. It occurs in this kind of limestone about 30 feet below the Reuschella 
“edsoni’”’ beds about half a mile east of Lacey Spring Post Office and in about the 
same position a quarter of a mile west of the intersection of State Highway 260 and 
Road 767, 2.8 miles N. 8° W. of Harrisonburg. Like the genus Tefradium found 
in nearly all Middle Ordovician calcilutites and like Cryptophragmus which often 
occurs in shell limestone or coarse calcarenite, \idulites pyriformis is a “facies 
fossil” which is to be expected anywhere within the interval between the Dinorthis 
atavoides beds and the Reuschella zone. Its absence or presence at various horizons 
within this interval was very probably determined by depositional conditions, 
which changed locally from time to time. That Nidulites pyriformis is also a facies 
fossil in the Ward Cove limestone of southwestern Virginia has been previously 
recorded (Cooper and Prouty, 1943, p. 829-830). 


RANGE OF NORMANSKILL GRAPTOLITES 


The graptolites in the Middle Ordovician of the Shenandoah Valley are likewise 
facies fossils. Abundant occurrences are confined to black shale or platy argillaceous 
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limestone. These graptolites are undoubtedly like those in the Normanskill shale 
of New York (Ruedemann, 1901; 1930, p. 96-104; Powell, 1915, p. 272-281; Butts, 
1940, p. 166-170). 

At least two principal zones of graptolites occur in the Normanskill shale (Ruede- 
mann, 1930, p. 101-103). The lower zone is characterized by Nemagraptus gracilis 
and a relatively large number of genera, species, and individuals. The upper zone 
of the Normanskill lacks Nemagraptus and many of its associates. The upper zone 
contains notably fewer species and individuals of the genera Did-ymograptus, Dicello- 
graptus, and Dicranograpius, and it is characterized by Diplograptus foliaceus, 
Climacograptus scharenbergi, C. bicornis, and locally in the Albany district (Ruede- 
mann, 1930, p. 103) by Corynoides gracilis. 

Butts (1940, p. 167) has correlated all the Virginia Athens with the Nemagraptus 
gracilis zone of the Normanskill, but there is evidence opposing this view. Nowhere 
in the Shenandoah Valley is the Nemagraptus fauna known to occur high in the so- 
called Athens. As well shown in the upper “Athens” exposed along U. S. Route 33 
about 5 miles southeast of Harrisonburg, Climacograptus and Diplograptus, with 
possibly a few Dicellograptus, are the only graptolites which occur. There is every 
reason to believe that the upper “‘Athens” as exhibited there and elsewhere in north- 
ern Virginia corresponds to the upper graptolite zone of the Normanskill shale as 
developed in New York and in the province of Quebec, Canada. 

It should also be mentioned that a large Climacograptus occurs in a silty zone 
intercalated in the Nidulites beds near Wadesville, Clarke County, Virginia (Geo- 
logic section 17). Another occurrence of the Diplograptidae was noted in the thick, 
dense, black limestone about 60 feet below the Reuschella ‘“‘edsoni’’ beds in the section 
0.5 mile east of Lacey Spring Post Office. In both instances, the containing beds 
have been identified by Butts as Chambersburg, although the presence of these 
graptolites was unknown to him. 

Of even greater interest is the fact that Ruedemann (1930, p. 106-107) 
has identified Normanskill-Athens species of graptolites from the group of limestone 
pebbles in the Rysedorph conglomerate, which, as is widely agreed, contains many 
characteristic Chambersburg fossils. The Rysedorph conglomerate itself is Trenton 
in age, but the parent sediments from which its pebbles were derived range from 
Cambrian to Trenton (Ruedemann, 1930, p. 106). In the Rysedorph, the dense 
black limestone pebbles containing Climacograptus scharenbergi and Diplograpius 
foliaceus and numerous Chambersburg fossils must have come from a parent sedi- 
ment correlative with a part of the Normanskill shale, as indicated by the above- 
named Normanskill graptolites. It is not unlikely that the graptolites occasionally 
seen with Nidulites pyriformis in Butts’ Chambersburg correlate with the upper 
gtaptolite zone of the Normanskill. Thus the greater part of the Chambersburg 
as well as much of the “Athens” of the Shenandoah Valley is probably represented 
in the Normanskill. 

Objection to this tentative conclusion might be made on the grounds that the 
Normanskill is Chazyan and that the Chambersburg is undoubtedly Black River. 
The post-Chazyan age of the Chambersburg is indicated by several lines of evidence, 
but there is no longer any reason to regard the Normanskill as Chazyan. Originally, 
Ruedemann (1901, p. 551; 1908, p. 10-29) put the Normanskill in the Trenton. 
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Ulrich (1911, p. 512) believed it to be between the Lowville and Chazy. Raymond 
(1916) and later Ulrich (1930, p. 73) and Butts (1928; 1933; 1940; Butts and others 
1932) placed it in the upper Chazyan. The basis for this assignment was that the 
so-called Athens in Virginia underlies beds containing Cryptophragmus and identified 
by Ulrich and Butts as Lowville. The basis for the identification of these beds as 
Lowville can now be challenged. Supposed Lowville beds with Tetradium cellulosum 
and other Black River fossils were excluded from the type Chambersburg by Butts 
and made a separate, lower formation. Cryptophragmus antiquatus, likewise re- 
garded a valid guide to the Lowville, is now known in the upper Chambersburg, 
a facies of the “Athens” of Virginia. Thus the zone with abundant Cryptophragmus 
in Virginia may not be Lowville, but considerably younger than that formation. 
It can no longer be assumed that all Appalachian formations below the supposed 
Lowville are necessarily Chazyan or older. 


WHITESBURG-ATHENS-CHAMBERSBURG RELATIONS 


That much of the Chambersburg, as identified by Butts along Tumbling Run 
near Strasburg, is laterally continuous with the greater part of the Whitesburg- 
Athens succession of the Harrisonburg area is indicated by several lines of evidence. 

The lower 75 feet of the Chambersburg, near Strasburg Junction, which is faunally 
and lithologically linked with the lower part of the type Chambersburg (unit 2, 
Geologic section 6), contains a “Whitesburg” fauna of bryozoans, brachiopods, and 
trilobites. The trilobite genera Robergia, Bronteopsis, and Arthrorhachis, which 
occur in the lower 45 feet of the Nidulites beds of the Tumbling Run section are 
also generally regarded as characteristic of the Athens and Whitesburg (Butts, 
1940, p. 158). The faunal similarities of the lower Echinosphaerites zone and 
Nidulites beds to the Virginia Athens and Whitesburg are summarized in Table 1. 

In the belt of outcrop immediately west of Massanutten Mountain between 
Winchester and Lacey Spring, interbedding ef the characteristic ‘““Athens” type of 
dense black limestone with the typically cobbly Chambersburg can be observed in 
many places. About 200 yards east of U. S. Route 11, just north of Vaucluse, 
Frederick County, 256 feet of beds, representing much of the Nidulites-Lambeo- 
phyllum zone, is very suggestive of “Athens” (Geologic section 16). Toa somewhat 
lesser extent, the same is true of the Nidulites-Lambeophyllum zone exposed along 
Tumbling Run southwest of Strasburg (Geologic section 20). Just west of Cedar 
Grove Church, 1000 feet east of U. S. Route 11 and 3.7 miles south of Mt. Jackson, 
Shenandoah County, even-bedded dense black limestones, many with the char- 
acteristic linear series of pits on weathered surfaces, occur above Nidulites-bearing 
beds which Butts considers Chambersburg. Not more than 50 feet below the 
Reuschella ‘“‘edsoni’’ zone, about 1000 feet east of Lacey Spring, thick beds of dense 
black limestone of “Athens” type contains Nidulites pyriformis, which is supposed 
to be a Chambersburg guide fossil, and poorly preserved diplograptids. 

On the east side of the Massanutten syncline, the interfingering of the Athens 
and Chambersburg is less evident because of poor exposures, but 1.7 miles south- 
west of Wadesville, about 650 feet south of State Highway 274, the intertonguing 
relations are well shown (Geologic section 17). The Martinsburg shale is under- 
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TABLE 1.—Fossils occurring in Butts’s Chambersburg, Athens, and Whitesburg formations in Virginia 





FossIts 
b = reported by Butts 
c = reported by the writers 
x = listed by both sources 


lower 
Echinos- 
phaerites 
and 
Nidulites 


bersburg) 


“Athens” 
formation 


““Whites- 
_ burg” 
limestone 





SPONGES 


Nidulites pyriformis Bassler (PI. 2, figs. 3-4) 
Receptaculites sp 


BryozOANs 


Chasmatopora and related genera 
Glauconome sp 

Mesotrypa sp 

Pachydictya sp 

Rhinidictya sp 


Echinosphaerites aurantium Gyllenhahl 
BRACHIOPODS 


Christiania trentonensis Ruedemann 

ERIE EE SES ON EIT OS EE AO Ae ae 
Cyrtonotella sp. (Pl. 3, figs. 19-20) 

Corineorthis sp. (Pl. 3, figs. 13-15) 

Dinorthis transversa Willard (Pl. 2, figs. 10-11) 

Dinorthis cf. D. pectinella (Emmons) 

Leptellina, same or very similar species 

Leptobolus sp 

Lingula cf. L. nympha Raymond (not Billings) (Pl. 2, figs. 12-13) . 
Multicostella bursa (Raymond) = M. whitesburgensis Butts (Pl. 2, 


Protozyga sp......... Seca a sigs nara Cee Crate aioe AO cm are eG a a HSE a 
Ptychoglyptus virginiensis Willard (Pl. 3, figs. 24-25) 

Resserella cf. R. rogata (Sardeson) (Pl. 2, figs. 14-15) 

Schizambon sp 

Sowerbyella negrita (Raymond) 

Sowerbyella sp 


TRILOBI1ES 


Arthrorhachis elspethi Raymond (PI. 3, figs. 3-6) 
Ampyx hastatus Ruedemann 

Ampyxina sp 

Bronteopsis gregaria Raymond (PI. 3, figs. 1-2) 
Bumastus sp 

Calliops annulatus (Raymond) 

Ceraurus pleurexanthemus Green (PI. 3, figs. 7-8) 








Cryptolithus sp 


x 
c 
c 
c 
c 
b 
x 
x 
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TABLE 1—Continued 
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OSSILS phaerites whi 
b= — by ape , in Pacem nl ts 
c = report y the writers Nidulites ormation : 
x = listed by both sources zones o limestone 
(Cham- 
bersburg) 
TRILOBITES—Continued 
Dionide holdeni Raymond (PI. 3, figs. 9-10)... ............0004. c x x 
DEES GE RE EOE. a ROE Ge Sod Ee ee c b 
NO ecg clare Aer d poh aa achon bcm psa Sea CAIs ome wh Vor x x 
I ore cane en Bhan ahaa ei elena ewe reece Casey c b 
I 5 20e OS: wiard cy Biv 9's Saameglo aaron RabeonasemE dope on Hemaeed c x x 
NI 8 3.5 aaa pauienies sedan wer ele Mama ao nos ayaa b b 
Sphaerocoryphe major Ruedemann.......................0220- c c 
eS x x c 








lain, in descending stratigraphic order, by 136 feet of Nidulites-bearing cobbly 
limestone and intercalated silty beds; 125 feet of dense black slabby limestone of 
“Athens” type, containing Homotelus and Lonchodomas; 35 feet of cobbly Chambers- 
burg-type limestone; 46 feet of dense black “‘Athens” type limestone; a few feet of 
shaly siltstone crowded with Resserella cf. R. rogata (Sardeson); 47 feet of cobbly 
Chambersburg-type limestone with Echinosphaerites aurantium at the base; and 150 
feet or so of dense black limestone extending down to the coarse-grained Girvanella- 
bearing limestone which Butts identified as Lenoir. 

In the vicinity of Harrisonburg, where the so-called Athens is well developed, 
fossils are exceedingly scarce, and the same is true for all the intercalated beds of 
“Athens” type occurring in Butts’ Chambersburg of northern Virginia. 

The beds above the Dinorthis atavoides zone and below the Reuschella ‘“‘edsoni” 
beds show great variation in both lithology and thickness between Harrisonburg 
and the northern end of the Shenandoah Valley. The ‘“‘Chambersburg” in the 
belts west of Lantz Mills, Shenandoah County, is almost entirely cobbly, buff- 
weathering beds with few, if any, layers resembling the dense black limestone of 
the “Athens.” The latter type of beds predominates almost to the exclusion of 
cobbly “Chambersburg” layers near Harrisonburg. Gradations between these 
two contrasting but essentially equivalent facies of limestone can be observed in 
many sections in the same belt of outcrop between Mt. Jackson, Shenandoah County, 
Virginia, and Chambersburg, Franklin County, Pennsylvania. 

In summary, the postulated equivalency of most of the “Whitesburg” and 
“Athens”, as developed near Harrisonburg, to the Chambersburg of northern Vir- 
ginia is supported by (1) dove-tailing relations of two distinctive and characteristic 
lithologies, and (2) similar and identical faunal elements in the two dissimilar facies. 
The greater thickness of ‘““‘Whitesburg-Athens” near Harrisonburg probably reflects 
a faster rate of deposition than prevailed where the typically cobbly Chambersburg 
limestone accumulated. 

At this point, it is advisable to consider the salient objections to this interpretation. 
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It might be argued, on the basis of apparently well established evidence, that the 
Athens and the Chambersburg could not be equivalent because the Athens and 
the equivalent Normanskill are Chazyan and that the Chambersburg, being defined 
as post-Lowville, is late Black River and possibly early Trenton. The Normanskill 
shale does not occur in either the type Chazy limestone or in the type Black River, 
and its supposed Chazyan age rests upon the assumption that its equivalent—the 
Virginia Athens—is Chazyan. As previously mentioned, the fact that the Virginia 
Athens underlies Butts’ Lowville does not necessarily mean that it is Chazyan. 
Indeed, if the Lowville were to be recognized on the basis of the common occurrence 
of Cryptophragmus antiquatus, the formation would have to be placed above the 
Nidulites-Lambeophylium and lower Echinosphaerites zones of the Virginia Chambers- 
burg and not below the Chambersburg as previously determined by Stose, Ulrich, 
Butts, and others. 

Another possible objection which might be raised is that the siltstone at or near 
the base of the Chambersburg between Maurertown, Shenandoah County, and 
Winchester, Frederick County, occurs above the “‘Athens” in the section 1.7 miles 
southwest of Wadesville, Clarke County, and therefore proves that the Chambers- 
burg is younger than the Athens. The Wadesville section exhibits two distinctly 
silty zones. The upper one, which is 35 feet thick and contains intercalated impure 
limestones (Geologic section 17, unit 15), could not be correlated with the siltstone 
at the base of the Chambersburg along Tumbling Run, because it is underlain by 
20 feet of Nidulites beds, whereas, on Tumbling Run, the base of the Nidulites zone 
is at least 65 feet above the siltstone. Also the lower Echinosphaerites bed in the 
Wadesville section is 280 feet below the upper siltstone, whereas in the Tumbling 
Run section the lower Echinosphaerites zone directly succeeds it. The lower silt- 
stone of the Wadesville section cannot be correlated with the silty bed west of 
Strasburg, because the lowest occurrences of Crypiophragmus and Echinosphaerites 
come above the horizon of the siltstone west of Strasburg. These two fossils occur 
below the lower siltstone of the Wadesville section. 

Along U. S. Route 33 about 5 miles southeast of Harrisonburg, a shaly-weathering 
siltstone, very similar to the lower silty bed of the Wadesville section and likewise 
containing Resserella cf. R. rogata (Sardeson), is intercalated in a thick succession 
of black limestone and shale containing Normanskill graptolites (Geologic section 
28) and identified as Athens. This occurrence is not cited as evidence that the 
lower silty bed near Wadesville is the same as the “Athens” siltstone, although 
they may possibly be equivalent. Of more importance is the fact that siltstones 
similar'to those occurring in Butts’ Chambersburg of northern Virginia occur also 
in beds which he has identified as Athens. 

It may be argued that the occurrence of Nidulites above the thick body of black 
limestone and shale, near Harrisonburg, shows that the Nidulites beds of the Cham- 
bersburg are younger than the Athens. The apparent absence of the graptolite 
fauna from the cobbly Chambersburg beds would seem to support this objection. 
However, if the “Athens” and Chambersburg are equivalent facies, it is expectable 
that major elements of their respective faunas would not occur in both facies. In 
other words, environmental conditions favorable for burial and preservation of 
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graptolites may not have prevailed in other sections of the sea bottom where ‘‘Cham- 
bersburg” sedimentation was taking place. That the “‘Athens” graptolites are 
facies fossils is clearly shown by their almost exclusive occurrence in the black-shale 
parvafacies of the “Athens.” It is likely that graptolites, which are exceedingly 
rare in the thick ‘“‘Athens’”’ limestones, would be even rarer in a facies lacking all 
the essential characteristics of the “Athens.” 

Nidulites pyriformis is not confined to the Chambersburg or, more particularly, 
to the thin zone which overlies Butts’ Athens in the vicinity of Harrisonburg. Its 
occurrence in the “Athens” of southwestern Virginia has been previously noted by 
the senior writer (B. N. Cooper, 1944, p. 67-68). In northern Virginia, Nidulites 
pyriformis also occurs below the top of the “Athens.” West of Cedar Grove Church, 
south of Mt. Jackson, Shenandoah County, this fossil occurs below 25-50 feet of 
beds of undoubted “Athens” lithology. The Nidulites beds just below the Reuschella 
edsoni zone 1000 feet east of Lacey Spring are also of “Athens” type and contain 
poorly preserved graptolites. Near Vaucluse, Frederick County, Nidulites and 
Lambeophyllum occur in a 256-foot zone much like “Athens” limestone, which is 
intercalated in nodular to cobbly limestones identified as Chambersburg (Geologic 
section 16, unit 8). The general rarity of Nidulites in the “Athens” may reasonably 
be interpreted as an indication that it, too, is a facies fossil. The equivalence of 
two facies cannot be established by pondering their faunal dissimilarities. The 
cosmopolitan, rather than the provincial, facies elements of a fauna have the greater 
correlative value. 

Without doubt, the section best exhibiting the obvious interfingering of the 
so-called Athens and Chambersburg is along State Highway 251 about 2 miles east 
of Collierstown Post Office and 6.5 miles S. 80° W. of Lexington, Rockbridge County 
(Geologic section 42). The “contact” of the Athens and Chambersburg, determined 
by Butts (1940, Pl. 32A), is of special interest because of the occurrence of char- 
acteristic Chambersburg fossils and Chambersburg cobbly limestone within the 
body of black limestone identified by Butts as Athens. Actually, the lower part 
of the supposed Athens is more like the Chambersburg than typical Athens. Hom- 
otelus cf. H. simplex, abundant in the lower Chambersburg along Tumbling Run, 
near Strasburg, Shenandoah County, is very abundant in the lower 100 feet of the 
succession identified by Butts as Athens in the Collierstown section. Resserella and 
Sowerbyella, common in the typical Chambersburg of northern Virginia, are common 
in the lower part of the beds identified as Athens. Bronteopsis, cited by Butts as a 
characteristic Athens and Whitesburg trilobite, occurs in cobbly limestone a few 
feet above the Chambersburg-Athens contact as determined by Butts. The char- 
acteristic Chambersburg-Ottosee fossil, Dinorthis transversa, occurs not only in the 
cobbly beds above the base of Butts’ Chambersburg of the Collierstown section 
but also in the upper 15 feet of Butts’ Athens and in cobbly limestone below the 
main body of dense black “Athens” limestone. 


RELATION OF THE CHAMBERSBURG AND OTTOSEE 


Southwest of Roanoke, particularly in the belt along the northwest base of Walker 
Mountain in Bland and Smyth counties, the “Athens” is succeeded by a limestone 
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identified by Butts (1940, p. 170-178) as Ottosee, which according to him is pre- 
Lowville. The beds identified as Ottosee along Walker Mountain are faunally 
similar to a richly fossiliferous limestone occurring along the northwest base of 
Clinch Mountain in southwestern Virginia and eastern Tennessee, which has also 
been called Ottosee by Butts. In Tazewell and Russell counties of southwestern 
Virginia, the writers have collected from the Clinch Mountain belt of Ottosee a 
surprisingly large number of fossils which were also collected from the lower Echino- 
sphaerites zone of the Chambersburg exposed near Strasburg. These fossils include: 


Cystoids 
Echinosphaerites aurantium (Gyllenhahl) 
Platycystites faberi Miller 
Sponges 
Dystactospongia sp. 
Receptaculites cf. R. occidentalis Billings 
Corals 
Lambeophyllum profundum (Conrad) 
Bryozoans 
Anolotichia cf. A. explanata Coryell 
Chasmatopora and related, undescribed genera 
Scenellopora sp. 
Brachiopods 
Corineorthis sp. 
Cyrtonotella sp. 
Dinorthis transversa Willard 
Leptellina sp. 
Multicostella sp. 
\pikina “minnesotensis’”’ (Winchell) 
Orthambonites sp. 
Oxoplecia aff. O. simulatrix (Bassler) 
Ptychoglyptus cf. P. virginiensis Willard 
Resserella cf. R. rogata (Sardeson) 
Sowerbyella sp. 
Trilobites 
Eoharpes sp. 
Homotelus sp. 
Sphaerocoryphe sp. 


As shown in Table 1, many of these fossils occur also in the Athens-Whitesburg of 
Virginia. Examining further the possible relationships of the Chambersburg to 
the Virginia Ottosee, the upper Ottosee, or Wardell, formation of southwestern 
Virginia (Cooper and Prouty, 1943, p. 873-875) contains Foerstephyllum “halli’ 
(Nicholson), a species of Cleiocrinus, and Stromatocerium rugosum Hall. Also, the 
lower occurrence of Cryptophragmus in southwestern Virginia is between the lower 
and upper Ottosee. All these fossils are found in the Chambersburg of Pennsylvania. 
Some 60 feet or so above the top of the Wardell, Cryptophragmus occurs abundantly 
in the Witten limestone of Lebanon age (B. N. Cooper, 1945, p. 272-273), which 
Butts called Lowville. It is interesting to note that this fossil is most common in 
the post-Nidulites beds of the Chambersburg in the Shenandoah Valley. In parts 
of Russell and Tazewell counties of southwestern Virginia, the lower part of Butts’ 
Ottosee contains abundant Nidulites pyriformis. The associates of this fossil— 
including species of Leptellina and Orthambonites, Oxoplecia aff. O. simulatrix, Sower- 
byella negrita, Hyboaspis sp., and Calliops annulatus—link these beds with the 
“Whitesburg-Athens” limestones of the Walker Mountain belt and also with the 
lower Chambersburg near Strasburg, Virginia. 
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In summary, the Chambersburg seems to be equivalent not only to the ‘‘Whites- 
burg” and ‘“‘Athens”’ as recognized in the Harrisonburg area, but to Butts’ Whites- 
burg-Athens-Ottosee-Lowville succession insouthwestern Virginia. The relationships 
of the Virginia Chambersburg to other formations recognized in the State are shown 
in Figure 2. Thus interpreted, the Virginia Athens is a megafacies of the lower 
Middle Ordovician which is laterally continuous with a body of limestone identified 





FicurE 2.—Facies equivalents of the “Athens” in the Appalachian Valley of Virginia 


as Chambersburg in northern Virginia and Whitesburg, Athens, Ottosee, and Low- 
ville, or “lower Moccasin,” in southwestern Virginia. The “Whitesburg” and the 
“Ottosee” as developed on Walker Mountain may not be so different in age as 
might be inferred from the stratigraphic interval of several hundred feet which 
separates them. If the intervening “‘Athens” accumulated relatively rapidly, the 
Walker Mountain “Ottosee” and “Whitesburg” may have been deposited very 
close to one another intime. According to the proposed interpretation, the “Athens” 
at Harrisonburg is not the same time-rock unit as the Walker Mountain ‘‘Athens.” 
The Porterfield “Whitesburg and Walker Mountain “Ottosee” may be tongues 
extending from a soiid mass of nodular, fossiliferous limestone (the Clinch Mountain 
Ottosee) and into a thicker body of black shale and black limestone (the Virginia 
Athens), which, in turn, changes toward the north intoa thinner body of nodular, 
fossiliferous limestone (the Chambersburg beds below the Reuschella edsoni zone) 
The fact that a little Chambersburg overlies the highest “Athens” at Harrisonburg 
and Lacey Spring does not indicate that all the ‘““(Chambersburg’”’ is necessarily 
younger than the “Athens.” Such a relationship is denied by occurrences of the 
same fossils in the “Athens” and “Chambersburg” and by obvious dovetailing of 
the two characteristic lithologies. The seeming absence of Nidulites and Crypto- 
phragmus in the vicinity of Staunton is believed to indicate that the highest Cham- 
bersburg beds there, like the lower and middle parts of the formation farther north, 
have’ passed laterally into black shales and black limestones of “Athens” type. 
Conceivably, these organisms were living elsewhere in the Appalachian sea when the 
uppermost beds of the “Athens” of the Staunton area were laid down. They may 
have been restrained from that and certain other sections of the sea bottom by 
unfavorable sedimentary conditions and, hence, may have not been generally avail- 
able for burial in the accumulating “Athens” black sediments. Just as sporadic 
occurrences of Normanskill graptolites have already been discovered in the Chambers- 
burg (Geologic section 17), so it is to be expected that occasional specimens of 
Nidulites, Cryptophragmus, and other “Chambersburg” fossils will be encountered 
in beds of “Athens” lithology in the course of future study of the belts southeast 
of Staunton. Along the western side of the Shenandoah Valley, cobbly beds of 
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“Chambersburg” type extend farther south than in the middle and eastern belts 
and persist at least as far as Collier Creek, a few miles southwest of Lexington, 
where they compose most of the interval between the Martinsburg and the Dinorthis 
atavoides zone. In the excellent section of the lower Middle Ordovician near Dunkard 
Church, west of Natural Bridge, the “Chambersburg” seems to have been almost 
entirely supplanted by the “Athens” (Geologic section 43). 

The proposed interpretation would allow for more or less continuous sedimentation 
in the Appalachian trough throughout Middle Ordovician time, though not without 
shifts in environments of deposition. Previous interpretations of the lower Middle 
Ordovician, on the other hand, demand shifting seas and interrupted sedimentation. 


PRE-CHAMBERSBURG LIMESTONES FROM PENNSYLVANIA TO VIRGINIA 


In Pennsylvania, particularly in the section 2 miles southwest of Marion, the 
Chambersburg is underlain by about 1050 feet of limestone younger than the Beek- 
mantown. Since the possible relations of this thick succession to the Tetradium 
syringoporoides, Dinorthis atavoides, and Hesperorthis zones of the Shenandoah Valley 
have not been considered previously, they are discussed here. 

As previously indicated, the 150 feet of calcilutite with Tetradium cellulosum, 
which Stose and others identified as Lowville, is faunally and lithologically insepar- 
able from the underlying 208 feet of beds formerly misidentified as Stones River 
limestone. This 358-foot succession comprises the upper of three distinct lithologic 
zones between the Chambersburg and Beekmantown in the Marion section. The 
middle division (Geologic section 4, units 2 to 12) is 600 feet thick and composed 
of dark-gray, granular, cherty limestone, much of which is relatively unfossiliferous. 
Maclurites is common in several beds in the lower 200 feet and particularly so not 
far above the base. Cherty limestones near the top of the Maclurites-bearing beds 
contain Hesperorthis, Multicostella saffordi, a small Sowerbyella, and Camerella. 
These fossils occur together in the same type of limestone in the Hesperorthis beds 
in the Staunton area. The lowest division of the “Stones River” in the Marion 
section, unconformably overlies the Beekmantown and consists of 30-60 feet of 
dove-gray calcilutite with numerous gastropods and Tetradium syringoporoides. 

At Wilson, Maryland, the lower dove-gray calcilutite is somewhat more than 100 
feet thick (Geologic section 5). It is directly succeeded by 420 feet mainly of light- 
gray calcilutite similar to the 358-foot zone with Tetradium cellulosum, near Marion, 
Pennsylvania. The only dark bed at all comparable to those comprising the 600-foot 
cherty zone of the Marion section is but 4 feet thick and is intercalated in beds 
containing Tetradium cellulosum. At Wilson, the entire 600 feet of cherty beds at 
Marion, Pennsylvania, is either absent or displaced by Tetradium cellulosum beds 
comprising an equivalent, dove limestone facies. About 5 miles farther south, in 
the same belt of outcrop, the same general succession, though somewhat thinned, 
is exposed in the abandoned quarries at Pinesburg Station, Maryland. The thick 
massive calcilutite at the base forms bluffs overlooking the Potomac River. The 
succeeding beds, extensively exposed, apparently contain no representative of the 
cherty beds below the type Chambersburg. 
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At Martinsburg, West Virginia, the Chambersburg is directly underlain by 200 
feet or less of dove-gray, Tetradium syringoporoides-bearing calcilutite which is 
unmistakably linked with the Tetradium syringoporoides beds of the Shenandoah 
Valley. Here, as in the Maryland sections, the cherty limestone seems to be absent. 
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Ficure 3.—Correlation of pre-Chambersburg, post-Beekmantown limestones in southern Pennsylvania, 
Maryland, West Virginia, and northern Virginia 


Since Tetradium cellulosum and the other Black River fossils listed by Stose 
(1909, p. 7) are unknown in the Tetradium syringoporoides beds of the Shenandoah 
Valley and at Martinsburg, West Virginia, the 358-foot zone of calcilutite with 
T. cellulosum below the type Chambersburg is not the same age as the beds identified 
as Mosheim by Butts in Virginia. The lithology and fossils of the lower calcilutite 
in the Marion section and at Pinesburg Station and Wilson, Maryland, is the same 
as the Tetradium syringoporoides beds of northern Virginia. The thick section of 
cherty limestone near Marion, Pennsylvania, which seems to be partly or wholly 
represented by the Hesperorthis beds of the Lexington-Staunton area of Virginia, is 
absent or displaced by dove limestone in the intervening sections at Martinsburg, 
Pinesburg Station, and Wilson. The thick body of dove-gray limestone above the 
cherty beds in Pennsylvania may wedge out somewhere between Pinesburg and 
Martinsburg. If the greater part or possibly all of the thick succession of cherty 
limestones in the ‘Stones River” near Marion, Pennsylvania, should prove to be 
equivalent to the Hesperorthis beds of the Lexington-Staunton area, as is suggested 
by strong similarity of fossils, the 358-foot zone of ““Lowville”’ limestone near Marion 
would be in the stratigraphic position of the Dinorthis atavoides zone of the 
Shenandoah Valley. If this link can be positively established by further work, 
the Black River age of the Dinorihis atavoides beds would be established. The 
fossils in the 358-foot zone of dove limestone, including Tetradium cellulosum, are 
indicative of the Black River. 
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SUMMARY 


The names Mosheim, Lenoir, Stones River, Whitesburg, and Athens are not 
applicable in northern Virginia. The so-called Mosheim of the Shenandoah Valley 
is no older than the type Lenoir and the so-called Lenoir is wholly unlike the type 
Lenoir. The true equivalents of the Stones River formations are not at the base 
of the lower Middle Ordovician as formerly supposed. The Virginia Whitesburg 
is inseparable faunally from the Virginia Athens, and the type Whitesburg is a 
facies of the true Athens. Neither name should be used in Virginia. In northern 
Virginia, Athens as a name for the familiar black shale-black limestone lithology 
is here supplanted by the revived name Liberty Hall. 

Butts’ emendation of the Chambersburg is a constructive modification because 
the Tetradium cellulosum beds originally classed with the Chambersburg are more 
closely linked with the underlying dove-gray, also Tetradium cellulosum-bearing 
calcilutites. The positive and unqualified identification of this limestone as Lowville 
is unjustified. 

The age relations of the “Athens” in various parts of the Appalachian Valley of 
Virginia have been misinterpreted because it "vas assumed that the Athens was 
everywhere the same age. It cannot be demons‘rated that the 1300 feet of “Athens” 
at Harrisonburg is the precise time equivalent of the 450 feet of so-called Athens 
along Walker Mountain in southwestern Virginia. The differences in fauna between 
the Chambersburg and the ‘‘Whitesburg-Athens” have been overstressed as evidence 
that the two formations are of different ages and with disregard for the obvious 
faunal similarities of the two formations. The facies concept has not received 
proper consideration in previous interpretations of the lower Middle Ordovician 
in northern Virginia. Certain fossils, particularly Cryptophragmus antiquatus, 
Nidulites pyriformis, and Normanskill graptolites have been assumed to have 
infallible correlative value, but without adequate basis. Nidulites is not confined 
to the Chambersburg, and Cryptophragmus antiquatus seems to range through the 
entire Black River group and possibly up into the lower Trenton. 


PROPOSED CLASSIFICATION 
GENERAL STATEMENT 


A formation should be both a genetic and a mappable unit. The use of a forma- 
tion name should be confined to the relatively limited province wherein essential 
contemporaneity of deposition seems reasonably certain. False paleogeography 
and false geochronology are read from misidentified beds. New stratigraphic 
names should be proposed only if they facilitate a clearer and more accurate under- 
standing of geologic events. On this premise, the following revised classification 
af the lower Middle Ordovician of the Shenandoah Valley is proposed. 


NEW MARKET LIMESTONE 


Name.—The name New Market limestone is proposed for the succession of 
predominantly dense, fine-grained limestone above the Beekmantown and below 
the dark-gray limestones of the Dinorthis atavoides zone (Lincolnshire limestone). 
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The name is taken from a town on U. S. Route 11 in southern Shenandoah County, 
Virginia. A continuous section of the formation is exposed in the Madden quarry 
0.65 mile west of the intersection of Road 735 and U. S. Route 11 in New Market. 

Lithology.—Where typically developed, the New Market consists mainly of 
dove-gray, high-calcium limestone. As exhibited in the type section, two divisions 
are generally recognizable: a lower zone, composed mainly of thin-bedded dove- 
gray calcilutite in many places with a few feet of limestone-and dolomite-pebble 
conglomerate at the base; and an upper zone which is thick-bedded to massive and 
nearly free of insoluble matter. 


Geologic section 9.—T ype section of the New Market limestone, in the Madden quarry, near New Market, 


Virginia 
Thickness 
Feet Inches 
New Market limestone (834 feet) 
i CI NN, ON io ee i cag seeds ce sies Seiad awe aieuaes 9 
27. Calcilutite, mottled dove gray and taupe gray......................005. 3 
Be Sr CN i I oie io ik 5 enn ceesinn onde dasdansewals 15 
25. Calcilutite, thick-bedded, mottled dove gray and brownish gray; has irregu- 
Tibet le cl 96 Sok FEE RR Eien ate ieee 11 
24. Calcilutite, light gray, with buff, clayey streaks......................... 1 6 
23. Calcilutite, dark gray, with irregular veins of white calcite................ 6 
22. Limestone, finely granular, dark bluish gray...................-..20.00. 3 
21. Calcilutite, dove gray, massive; contains coarse stringers of white calcite... 8 
20. Limestone, clastic-textured; contains irregular fragments of calcilutite...... 10 
RRR ARR Se, SED ARG AGE SoC Oar fe SE en rage 1 
18. Limestone, clastic-textured, contains large irregular fragments of calcilutite. 9 
Ris: emanate; Siam area, Tae ENR is isnik asks kin ca ag cde ecb eaeee de 6 
16. Limestone, dove gray, irregular, clastic texture; seems to be result of re- 
working of partly consolidated lime muds............................ 7 6 
15. Limestone, drab gray, impure, fine-grained...................2200000005 1 6 
14. Calcilutite, dove gray, with coarse calcite veins......................00. 2 6 
a, ee III. 2, aicn raw ce ee edie seap te ccdducguscbace cn 5 
12. Calcilutite, taupe gray; contains thin yellowish crinkled streaks........... 2 6 
11. Limestone, fine-grained, drab gray, impure........................2200. 3 
10. Calcilutite, dove gray; abundant stringers of calcite...................... 2 4 
Oe + 
8. Calcilutite, dove gray; abundant stringers of calcite...................... 2 8 
7. CORETIRRhe, WEMOWwINR Orne, BUMENGOOUR, 6655 555 oc eo ices ced cee wecw ses 4 
6. Calcilutite, dove gray, medium-bedded.........................0000005. 6 
5. Calcilutite, argillaceous, thin-bedded, yellowish gray..................... 5 
IIIA Ss os. oles Gove e see ety s eso olac dadewebehs 1 
3. Calcilutite, thin-bedded, with irregular calcite stringers................... 1 6 
Be I IN SRO 5 ie cca: 9: dias lov ern) ce bare o's cidigusf-wale worse end 1 10 
IIR MIN UII a5 ow ci cc dinin cls 6.9.90) winds ncnn du to ee O aoa 1 
Beekmantown group 


Local reworking of the lime muds soon after deposition is indicated by numerous 
clastic-textured limestones. The upper division is the quarry rock of northern 
Virginia. The massive, fluted ledges made by these beds are characteristic. 

In the westernmost belts of the Shenandoah Valley, the basal layers of the New 
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Market are locally drab-colored impure dolomitic limestones, pebble conglomerates, 
and shaly beds which resemble closely the Blackford formation of southwestern 
Virginia (Cooper and Prouty, 1943, p. 862-863 ; Cooper, 1944, p. 36-39, 55-56). 
These beds are best developed along U.S. Route 250, about 3.5 miles west of Staunton 
and in another section 1.2 miles N. 75° W. of Broadway, Shenandoah County, along 
State Highway 256 (Geologic sections 31 and 23). 

In a few sections, particularly along U. S. Route 33 about 5 miles southeast of 
Harrisonburg, thin cherty dark-gray granular limestones, like those in the overlying 
Dinorthis zone, are intercalated in the lower part of the New Market (Geologic 
section 28). In the east end of the quarry of the Staunton Lime Company (Geologic 
section 33), the lower few feet of the New Market limestone is a calcarenite, stringers 
and pockets of which fill fractures and cavities in the underlying Beekmantown 
dolomite. 

On the west side of the Massanutten syncline, the New Market has its thickest and 
most characteristic development. The maximum thickness of 250 feet (Geologic 
section 11) was measured in a section 4 miles west of Edinburg, Shenandoah County. 
In most sections west of Massanutten Mountain, the thickness is 75-150 feet. 

East of the Massanutten syncline, the New Market is much thinner and is locally 
absent. The two-fold division recognized on the west side of the syncline is less 
distinct, and the average thickness is considerably less than 50 feet. Locally, be- 
tween Front Royal and U. S. Highway 33, the characteristic dove-gray beds are 
underlain by a cobble or boulder conglomerate, the larger fragments of which are 
several feet in diameter. The matrix is either dolomite or limestone, and the frag- 
ments are of similar composition. In one section, a quarter of a mile northwest of 
Leaksville, Page County, the boulder beds are over 100 feet thick and suggest a 
talus accumulation. The coarse conglomerates are tentatively classed with the 
New Market, but on further study they may warrant recognition, as a separate 
formation. 

Fossils —Tetradium corals, mostly of the single-tubed variety and generally 
identified as Tetradium syringoporoides Ulrich (Pl. 2, fig. 5), is the only common 
fossil. Occasional ostracodes, generally identified as Leperditia fabulites (Conrad), 
occur in the shaly layers. The basal calcarenite of the New Market in the quarry 
of the Staunton Lime Company (Geologic section 33) contains a profusion of small 
tumid rhynchonellids indistinguishable from Rostricellula pristina (Raymond) (PI. 2, 
fig. 16) which occurs in the lower part of the Blackford in Russell County, Virginia 
(Cooper, 1943, p. 1854) and in the type Lenoir of Tennessee. 

Age and correlation.—The New Market limestone is essentially the same as the 
unit identified by Butts as Mosheim in most parts of northern Virginia. It corres- 
ponds to the high-calcium limestones quarried at Martinsburg, West Virginia, and 
to the lower 125 feet of dove-gray calcilutite at Wilson and Pinesburg Station, 
Maryland. It also seems to be represented by the 30- to 60-foot succession of 
dove-gray calcilutites and associated magnesian beds immediately above the Beek- 
mantown, 2 miles southwest of Marion, Pennsylvania. 

The New Market limestone is not the same as the Five Oaks limestone of south- 





74 COOPER AND COOPER-—STRATIGRAPHY OF SHENANDOAH VALLEY 


western Virginia, which has also been identified by Butts as Mosheim. The Five 
Oaks directly overlies a cherty limestone containing Dinorthis holdeni and camerellids 
like those in the Hesperorthis beds of the Lexington-Staunton area, whereas the 
New Market underlies the beds with Hesperorthis and Dinorthis holdeni. Possibly 
the thin Tetradium-bearing calcilutite between the Hesperorthis and Dinorthis 
atavoides zones along Little North Mountain near the Augusta-Rockbridge county 
line, west of Greenville, represents the Five Oaks. The New Market occupies the 
stratigraphic position of the dolomitic, shaly beds of the Blackford formation of 
southwestern Virginia (Cooper, 1944, p. 39-40, 57-58). The occurrence of Ros- 
tricellula pristina in the basal layers of the New Market at Staunton and in the Black- 
ford formation near Hansonville, Russell County (Cooper, 1945, p. 271), links these 
two formations with the type Lenoir of Tennessee. Part, possibly all, of the New 
Market is Chazy. 


WHISTLE CREEK LIMESTONE 


Name.—The name Whistle Creek limestone is here introduced for the cherty 
limestones containing the Hesperorthis fauna, which succeed the New Market 
limestone and underlie either the coarse-grained “Holston” limestone of the Lexing- 
ton area or the Dinorthis atavoides zone. The type section (Geologic section 40) 
is between U. S. Route 60 and Whistle Creek about 2 miles N. 40° W. of Lexington, 
Rockbridge County, Virginia. 

Lithology—The Whistle Creek limestone is prevailingly dark-bluish to brownish- 
gray, irregularly bedded, very cherty limestone. In many places, the position of 
the Whistle Creek limestone is indicated by blocks of fossiliferous, punky chert, 
Where the Whistle Creek is in direct contact with the Dinorthis atavoides zone, the 
two can be distinguished only by fossils. Geologic sections 31-43 show the general 
character and ‘range in thickness of the Whistle Creek limestone in the Shenandoah 
Valley and James River districts. The formation is believed to be absent north of 
Staunton. 

Fossils —The known fauna of the Whistle Creek consists of several new species 
belonging to the genera Hesperorthis, Valcourea, Mimeila, and Camerella, as well 
as Dinorthis holdeni (Willard) and Multicostella cf. M. saffordi (Hall and Clarke). 
Except for Dinorthis these genera are common in the New York Chazy and also 
occur in the typical Lenoir of Tennessee, but the Whistle Creek forms cannot be 
identified with the species occurring in those formations. Many of the characteristic 
fossils of the Whistle Creek limestone have been figured by Butts (1941, Pls. 73-74). 

Age and correlation.—The precise age of the Whistle Creek beds has not yet been 
established. The middle part of the typical Lenoir of Tennessee, which is very 
probably older than the Whistle Creek limestone, contains fossils characteristic 
of the middle and Valcour divisions of the New York Chazy; hence, the Whistle 
Creek, if at all Chazy, could be represented only in the upper part of the Valcour. 
Probably the Whistle Creek limestone, as well as some of the succeeding beds, is 
younger than the Chazy and older than typical Black River. The blocky chert 








its 


wil 





Five 
ellids 
; the 
sibly 
wrthis 
unty 
s the 
mn. of 
Ros- 
lack- 
these 
New 


nerty 
urket 
xing- 
1 40) 
gton, 


nish- 
on of 
hert, 
, the 
neral 
doah 
th of 


ecies 
- well 
rke). 
| also 
ot be 
ristic 
74). 


very 
ristic 
histle 
lcour. 
ds, is 
chert 








PROPOSED CLASSIFICATION 75 


of the Clinch Valley district in southwestern Virginia correlates with the Whistle 
Creek limestone. 


LINCOLNSHIRE LIMESTONE 


Name.—The Lincolnshire limestone w: . named by Cooper and Prouty (1943, 
p. 863) from a creek, about 2 miles northeast of North Tazewell, Tazewell County, 
Virginia. Its extension into the northern portion of the Appalachian Valley seems 
justified on the basis of field work completed since the name was introduced. The 
Lincolnshire has been traced southwest from Tazewell to Luttrell, Tennessee, and 
has been identified in numerous other places still farther southwest in Tennessee. 
Northeast of Tazewell County, the Lincolnshire is easily recognizable in Giles 
County, particularly along New River at Ripplemead and along the Norfolk and 
Western Railway 0.3 mile south of Berton Station. Willard’s holotype of Sowerbyites 
[Plectambonites] triseptatus came from the latter section. Somewhat farther north- 
east, on the Salem block of the Pulaski overthrust, the Lincolnshire, with many of 
its characteristic fossils, is prominently displayed in and just south of the quarry 
of the Montgomery Lime Co., near Ellet, Montgomery County. This belt continues 
northeastward to the vicinity of Roanoke. It is the dark-gray cherty limestone 
with dinorthids, separating the ‘“Mosheim” and “Holston” in the quarries at Eagle 
Rock, Botetourt County, Virginia. In this county, it also forms part of the lime- 
stone belt not far south of U. S. Route 11 and extending several miles northeast 
to the Rockbridge-Botetourt county line. The Lincolnshire of this belt is well 
exposed along a secondary road about midway between Rocky Point and U. S. 
Route 11. There, as well as in many sections farther northeast, in Rockbridge and 
Augusta counties, coarse-grained light-gray calcarenites are intercalated in or 
closely associated with the cherty limestones containing Dinorthis atavoides and its 
associates. Except for these clastic beds, which represent local variations in the 
deposition of a widespread formation, the Dinorthis atavoides zone of northern Vir- 
ginia closely resembles the Lincolnshire of southwestern Virginia, contains the 
same fossils, and occupies the same stratigraphic position. 

The name Strasburg limestone was introduced without definition by Ulrich (1939, 
p. 106) for a part of the succession herein identified as Lincolnshire. Later Ulrich 
and Cooper (1942, p. 622) used it as equivalent to the “upper Lenoir’’ of Tennessee. 
Since the name had received no precise definition or description at the time Lincoln- 
shire was introduced (1943), Strasburg is considered invalid. 

As herein used the Lincolnshire is a time-stratigraphic name for the beds above 
the New Market or Whistle Creek limestone, and below either the brownish-weather- 
ing “trilobite beds” identified by Butts as Whitesburg, or below the base of the lower 
Echinosphaerites zone as developed where the ‘‘Whitesburg”’ is not separately recog- 
nizable. 

Lithology.—The Lincolnshire along Tumbling Run (Geologic section 10) is char- 
acteristic of the formation in the northern part of the Shenandoah Valley, where 
intercalated calcarenites are relatively thin and inconspicuous. 
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Geologic section 10.—Lincolnshire limestone along Tumbling Run, 2 miles southwest of Strasburg, 


Virginia 
Thickness 
Feet 
Lincolnshire limestone (132 feet) 
6. Limestone, fine-grained, cobbly, sparsely cherty......... 0.2... 200. c cee eeee 27 
5. Limestone, dense, black, cherty; contains Mimella sp., Sowerbyites triseptatus, 
Multicostella saffordi and Dinorthis atavoides..... 2... 0... 6. ee 35 
4. Limestone, dark gray, granular, cherty; contains intercalated beds and lenses of 
coarse-grained limestone crowded with Girvanella..... 0.2... 0666. c eee 32 
3. Limestone, fine- to medium-grained, cherty, black..................0.0005- 29 
2. Limestone, thin-bedded, platy, dark gray, no chert.................2.-0005 4.5 
1. Limestone, coarse-grained, medium gray, no chert.................-.00.005 4.5 


New Market limestone 


North of the latitude of Harrisonburg, the Lincolnshire averages 50 to 100 feet 
thick, but on the east side of the Massanutten syncline the thickness is generally 
less than 60 feet. The maximum thickness, about 200 feet, occurs locally south 
of Staunton (Geologic section 36). 

In the vicinity of Staunton and southward for several miles to Mint Spring, 
coarse-grained calcarenites of “Holston” type are seen variously below and within 
the main body of drab-gray cherty limestone containing Dinorthis atavoides. Locally, 
about 6.4 miles south of Staunton (Geologic section 35), a 153-foot zone of coarse- 
grained “Holston” type limestone underlies a very thin development of the cherty 
Dinorthis atavoides beds. In another section, near the junction of Roads 652 and 
608, 6.7 miles S. 21° E. of Staunton, light-gray to white coarse-grained calcarenite 
occurs just below cherty limestone containing abundant Sowerbyites triseptatus 
(Geologic section 34). Another calcarenite, slightly darker, occurs somewhat 
higher (Geologic section 34, unit 5). The fact that the typical cherty Lincolnshire 
is abnormally thin wherever the subjacent “Holston” calcarenite is well developed 
and that tongues of calcarenite are intercalated locally within the cherty Dinorthis 
atavoides beds indicates that the calcarenite is a facies of clastic limestone equivalent 
to the typical cherty Lincolnshire. 

Near Murat, a few miles southwest of Lexington, the light-gray “Holston” type 
calcarenite almost completely supplants the cherty Dinorthis atavoides beds (Geologic 
section 41). Two miles northwest of Lexington, the so-called Holston contains 
intercalated beds of dark impure limestone and is capped locally by cherty beds with 
Dinorthis atavoides and Sowerbyites triseptatus (Geologic section 40). Along Collier 
Creek, southwest of Lexington, five thin tongues of light-gray to white calcarenite 
are intercalated within the Dinorthis-Sowerbyites zone (Geologic section 42). Thus, 
even in the Lexington area, there is ample justification for considering the so-called 
Holston to be a clastic limestone facies of the typically cherty Lincolnshire. 

As previously indicated (Cooper, 1944, p. 59-60), Holston should not be used 
as a time-stratigraphic name. In Tennessee, as well as in Virginia, there are Holston 
type beds at many different horizons in the Middle Ordovician (Keith, 1901, p. 3). 
Therefore, Murat could be revived on the grounds that the original definition was 
misunderstood and also by reason of the fact that Holston is not strictly applicable. 
It is proposed herewith to revive Murat and to use it for the name of a characteristic 
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facies of clastic, reefy limestone, which is an essential part of the Lincolnshire lime- 
stone. 
Fossils.—The fossils in the Lincolnshire include: 
Al 
oa sp 


Sponges 
Nidulites ovoides Butts (1941, Pl. 76) 


Dactylogonia sp 
Dinorthis aheatnis Willard (Pl. 2, fig. 9) 
Multicostella cf. M. saffordé (Hall and Clarke) 


Sower' 
Sowerbyites Soeptetee (Willard) (Pl. 3, figs. 21-23) 


Gastropods 
Maclurites -- M. “magnus” Lesueur 


Butts (1940, p. 153) reports Glaphurina brevicula, the holotype of which Ulrich (1930, 
p. 46) collected and described from the “Holston” about 2 miles “west” of Lexington 
This is an unusual occurrence, since most of the Appalachian Telephidae occur in 
the “Whitesburg” or lower part of the “Athens.” 

Age and correlation.—The Lincolnshire is essentially the same as Butts’ Lenoir 
of many localities in northern Virginia, but it includes the lower beds of the Chambers- 
burg identified by Butts (1940, p. 197-198) along Tumbling Run, near Strasburg, 
Shenandoah County. It also includes his Holston of the Lexington area. Some of 
the Effna limestone (Cooper, 1944, p. 59-64) may be essentially the same as some 
of the Murat calcarenites of the Lexington area, but the bulk of the Effna in the 
Porterfield quarry, near Saltville, Smyth County, Virginia, seems to be a reef in 
the “Whitesburg.” The Lincolnshire is believed to be younger than typical Chazy, 
by reason of the strong dissimilarity of fossils and by the fact that it occurs con- 
siderably above true Lenoir equivalents in the Blackford formation of southwestern 
Virginia. Dominant Lincolnshire elements, particularly the genera Dinorthis, 
Sowerbyella, and Sowerbyites, are wholly unknown in any of the Chazy formations 
of New York. 

There is some suggestion that the Lincolnshire limestone is partly or wholly 
equivalent to the 358-foot succession of dove limestone containing Tetradium cell- 
ulosum, near Marion, Pennsylvania. Fossils collected from the cherty limestones 
below the Tetradium cellulosum beds are succeeded by the same beds as overlie the 
Lincolnshire in the Shenandoah Valley. Thus the Lincolnshire and the Tetradium 
cellulosum beds appear to have the same stratigraphic position. The possible 
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equivalency of these two units should be fully explored. If a definite correlation 
can be established, the post-Chazy age of the Lincolnshire, as herein suggested, will be 


positively affirmed. 
EDINBURG FORMATION 


Definition——The name Edinburg formation is proposed for the stratigraphic 
interval above the Lincolnshire limestone and below the Reuschella “edsoni’’ zone 
in the Shenandoah Valley. Although the Edinburg is largely limestone in most 
parts of northern Virginia, its lithology varies greatly from place to place. The 
type section is 1.5 miles N. 61° E. of Edinburg, Shenandoah County. 

Lithology.—The lithologic variations of the Edinburg noted in the Shenandoah 
Valley can be resolved into two principal facies and their mutual gradations. One 
facies is composed mainly of black limestone and black shale, for which the name 
Liberty Hall facies of the Edinburg formation is proposed. So used, Liberty Hall 
refers to the same succession of black strata originally included in the “Liberty Hall 
limestone”’ by Campbell (1905). Designation as a facies name signifies that the 
beds exhibiting this lithology do not everywhere fall within the same precise strati- 
graphic limits. The name Lantz Mills facies of the Edinburg formation is proposed for 
the contrastingly cobbly to nodular, buff-weathering limestone which is most typically 
developed near Lantz Mills, about 4.6 miles N. 69° W. of Edinburg. 

On the east side of the Massanutten syncline, alternation of the Lantz Mills and 
Liberty Hall facies is well shown in a section about 1.7 miles S. 10° W. of Wadesville, 
Clarke County (Geologic section 17), but southwest of Riverton, Warren County, 
the Edinburg is all of the Liberty Hall facies (Geologic sections 25 and 29) with 
black shale somewhat more abundant than black limestone. In the belt along 
U. S. Route 11 from Strasburg to Mt. Jackson, the Lantz Mills facies forms an es- 
pecially prominent tongue in the lower 100 feet of the Edinburg, and in the same belt 
cobbly layers at or near the top persist farther southward beyond the Harrisonburg 
area (Geologic sections 24 and 28). In the belts farther west, the Lantz Mills facies 
composes practically all the lower Echinosphaerites and Nidulites-Lambeophyllum 
zones as far southwest as Hamburg, Shenandoah County. South of this village, 
as is well shown along State Highway 260 just east of Forestville and along State 
Highway 263 northwest of Mt. Jackson, the Edinburg is mainly slabby, dense black 
limestone somewhat intermediate in character between the cobbly limestone and 
Liberty Hall facies. Tongues of the Lantz Mills facies persist beyond the Shenan- 
doah Valley into the area west of Lexington and possibly as far as James River. 
Cobbly limestones are especially prominent along Collier Creek, about 6.5 miles 
S. 80° W. of Lexington (Butts, 1940, Pl. 32A) and in the excellent section 0.25 mile 
south of Dunkard Church and 6.9 miles S. 80° W. of Natural Bridge, where cobbly 
beds occur above and below black shales with Normanskill graptolites. 

The few feet of brown-weathering granular limestones with abundant trilobites 
at the base of the “‘Athens,”’ comprise an excellent key zone in the southern part of 
the Shenandoah Valley. The lithology of these beds is the most distinctive feature; 
their fossils occur also in a substantial part of the succeeding ‘‘Athens.’’ The brown- 
weathering “trilobite beds’’ and, locally, overlying beds of “Athens” type containing 
some of the same fossils were identified previously as Whitesburg. As previously 
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of Common Fossils 


Resserello cf. R. 
Arthrorhachis 





Edinburg 
(Chiefly Liberty 
Holl facies) 



































Lincolnshire 


New Market 





Ficure 5.—Columnar section of the lower Middle Ordovician formations near Harrisonburg, Virginia 


shown, use of the name Whitesburg in Virginia should be held in abeyance until 
the relative position and age of the various related Tennessee formations are clarified. 
The name Botetourt (pronounced Bottitot) limestone member of the Edinburg formation 
is proposed for the brown-weathering granular limestone above the Lincolnshire 
and below beds of Liberty Hall type, which occur at the base of the Edinburg. The 
type section is in Botetourt County, on the deeply gullied hillsides about 0.25 mile 
south of Dunkard Church and 6.9 miles S. 80° W. of Natural Bridge (Geologic section 
40). 
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West of U. S. Route 11, between Forestville and Saumsville in Shenandoah County, 
a rather pure, dove-gray limestone occurs above the Nidulites-Lambeophyllum zone 
and below the Reuschella “‘edsoni” beds. For these beds, which form the topmost 
division of the Edinburg in this section of the Shenandoah Valley, the name St. Luke 
limestone member is proposed. At the type locality, a mile S. 60° E. of St. Luke, 
the member is 90 feet thick, but in the section west of Lantz Mills (Geologic section 
12) it is calcarenite, except for the uppermost 20 feet or so which is as fine-grained 
as the beds at St. Luke. A few miles southwest of Forestville, the St. Luke calcar- 
enites are largely supplanted by black limestone. The thin intercalations of calcare- 
nite with Cryptophragmus, found in beds of the Liberty Hall facies near the top of 
the Edinburg, 0.4 mile west of Linville Station and in the Edinburg belt between 
Woodstock and New Market (Geologic section 21-22), are taken to indicate that 
the St. Luke limestone is represented in the upper part of the Edinburg beyond 
the Forestville-Saumsville sector in which the member is mappable. 

The above-named facies and members of the Edinburg are best developed in the 
following sections: 


Geologic section 11.—Type section of the Edinburg formation about 1.5 miles N. 61°E. of Edinburg, 


Virginia 
Thickness 
Feet 
Reuschella ‘“‘edsoni”’ zone (24 feet) 
Edinburg formation (455 feet) 
14, Limestone, black, slabby, fine-grained (Liberty Hall facies).................. 12.5 
13. Limestone, medium- to coarse-grained; contains many Camarocladia and 
CORE CINE. ooo. oa. sks 5 icc etsnresehvedasagcbepianaaeee 30 
12. Limestone, fine-grained, gray, apparently without Cryptophragmus (Liberty 
| SESH REAP RA HAS RRS A nee nd Rien, bday y at te 22 
11. Limestone, dense, black, slabby; contains tubes without septa which belong 
to weathered, calcite-filled Cryptophragmus (Liberty Hall facies)............ 26 
10. Limestone, dense, black, slabby; contains shaly partings; Nidulites rather com- 
Ee Ee NE NO oo 5.55 3d a es gd Rea on emayeainn tates De aatoane'sne 69 
9. Limestone, buff weathering, cobbly, contains rather abundant Nidulites and 
Lambeophyllum (Lantz Mills facies)... ........ 0. csc c ccc ccc cecsweceees 60 
8. Limestone, black, slabby; contains sparse Nidulites (Liberty Hall facies)... ... 50 
7. Limestone, cobbly, buff weathering; contains Nidulites (Lantz Mills facies).... 61 
6. Limestone, black, slabby (Liberty Hall facies)... ..:..............--0eeeees 68 
5. Limestone, buff weathering, cobbly, contains Echinosphaerites aurantium, 


Homotelus simplex, Calliops, sp., Ampyx hastatus, Corineorthis, Resserella cf. 
R. rugata, Christiania cf. C. trentonensis, Dinorthis cf. D. transversa, Opikina 
minnesotensis, Sowerbyella, Conotreta sp., and Conularia sp. (Lantz Mills 
II sis a. igs dash wear po Re Saaine deste a ee nah en ak 57 
4. Calcarenite, dark gray, suggestive of the Botetourt limestone member but more 
like the basal granular beds at Strasburg junction (Geologic section 19, unit 
BOS ada tsebaihhe <5 Asc (RRR eh Hh ORE RSiRid’ saeees a aoe 9 
Lincolnshire limestone (167 feet) 
3. Limestone, granular, dark bluish gray, very cherty; contains Sowerbyites and 


Maclurites and intercalations of calcarenite with abundant Girvanella........ 151 
2. Limestone, medium gray, granular, no chert...............cceeeccccseeeces 16 

New Market limestone (84 feet) 
1. Calcilutite, dove gray; well exposed in bluff along Shenandoah River.......... 84 


Beekmantown dolomite 





82 COOPER AND COOPER—STRATIGRAPHY OF SHENANDOAH VALLEY 


Geologic section 12.—Middle Ordovician limestones along Swover Creek, 4.6 miles N. 69° W. of Edinburg, 
Virginia 
Thickness 
Feet 
Reuschella “edsoni” zone 
' Edinburg formation (413 feet) 
St. Luke limestone member 
12. Calcilutite, light gray, medium-bedded; same beds exposed 1 mile to the east, 
near intersection of Roads 691 and 692, where they contain Cryptophragmus 


ING hao tink cre aan aera wiealoe akan. <2 Seone:s ada Dab bake aimee. 20 
11. Calcarenite, light gray, medium-bedded, partly covered..................... 30 

10. Calcarenite, coarse-grained, medium-bedded; faintly cross-laminated; contains 
Paspaten ats. WBS CHIN 5 6. os occ in cisacncccvccscasccacnccecss 41 

9. Calcarenite, medium gray, thick-bedded; contains Doleroides, Zygospira, Oligo- 
Mi ME foc cnc cers lo aktcechantatess heated oneeeeass 5 

Lantz Mills facies 

8. Limestone, nodular, argillaceous; contains thin intercalations of limestone pebble 

ve conglomerate; Nidulites pyriformis Bassler occurs in the lower beds.......... 50 


7. Limestone, cobbly, argillaceous, weathers buff gray; Nidulites very abundant; 
top beds contain Nidulites, Lambeophyllum, and Cryptophragmus antiquatus 


(Pi. 2, Ge. 1), and a large attophomntneid. ......... «5. cc ince ccccccacccces 53 
6. Limestone, nodular to cobbly, argillaceous, weathers buff; contains large Chris- 
IIIS cis see oa POUR inde nna sss acacia apheswusise 17 


5. Limestone, nodular to argillaceous; weathers buff; few ledge-making beds near 
the middle and the base; contains Homotelus simplex, Echinosphaerites auran- 
tium, Dinorthis cf. D. transversa, Opikina cf. O. minnesotensis, and Resserella 


RIM Str rents CMe) hk hae SE ea al ag Se dia ce tek pe ac Sale eR OrET 188 
Lincolnshire limestone (111 feet) 
4. Limestone, dark gray, finely- granular, sparsely cherty.....................4. 38 
3. Limestone, dark bluish gray, cherty, scantily fossiliferous; contains Sowerbyella, 
Multicostella, Mimeila, Girvanella, and Nidulites ovoides.................4.. 73 
New Market limestone (250 feet) 
2. Calcilutite, dove gray; massive, fluted outcrops... .............. 00 eee eeeee 140 
1. Calcilutite, dove gray, thinner-bedded than zone 2....................00005: 110 
Beekmantown dolomite 


Geologic section 13.—Middle Ordovician limestones adjacent to U. S. Route 11, 2 miles 
south of Harrisonburg, Virginia 
Reuschella “‘edsoni” zone 


Edinburg limestone (1,348 feet) te 
, Lantz Mills facies 
10. Limestone, cobbly, shaly; contains Christiania and Resserella; thin partings of 
ST I ss akan ese tel ecde deeds rk Caniacu sade Gevicdesee swan 25 
9. Limestone, black, cobbly to slabby, contains Nidulites pyriformis............. 40 


Liberty Hall limestone facies 
8. Limestone, dense, black, medium- to thin-bedded; many en echelon gash veins 
ME gos c titos i ce tea cols au Se. 1 0Ge en eae PRE 950 
7. Limestone, dense, black, medium- to thick-bedded, with intercalated black 


Batwa oer es cere aeC tk See te IEE He apse bred bam Lee nt Hidad ere 38 
Botetourt limestone member 
5. Limestone, black, granular, contains Bumastus, Bronteopsis, and Arthrorhachis.. 10 
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Thickness 
Feet 


Lincolnshire limestone (51 feet) 
4. Limestone, black, fine-grained, irregularly bedded, with reddish streaks along 


RNIN ina 3 bora tides aicid sak open ae AW eUhes Saag aoa saveR cas 12 
Be Ra WE ORS MUNIN, o.oo. ov ca.0:e coo PUR Ve ew eoed guacae tna ein 39 
New Market limestone (161 feet) 
2. Calcilutite, dove gray, medium-bedded, pure................. 002 eee eeeees 83 
ie IN, CINE, MN OBI sais. de ale rere eed bWdeen gs deeaiganeewee od 78 


Beekmantown dolomite 


Fossils.—The faunal contents of the Edinburg vary considerably from place to 
place. The basal granular beds near Strasburg (Geologic section 19) and the Bote- 
tourt limestone member in the general vicinity of Harrisonburg (Geologic sections 
24-25) contain many of the same fossils. These include: a large species of Multi- 
costella very close to M. bursa (Raymond), Ptychoglyptus virginiensis, Christiania 
sp., Orthambonites sp., Cyrtonotella cf. C. virginiensis (P1. 3, fig. 20) Butts, Corineor- 
this sp., Resserella cf. R. rogata, Robergia, Bronteopsis gregaria, Arthrorhachis els- 
pethi, and Ceraurus pleurexanthemus (P|. 3, fig. 8). In the eastern and southern 
sections of the Shenandoah Valley, the succeeding beds—all of Liberty Hall facies— 
contain the Nemagraptus gracilis fauna of the lower Normanskill and abundant 
trilobites mostly referable to the genera Ampyx, Ampyxina, Robergia, Dionide, 
Robergia, and Remopleurides. Arthrorhachis elspethi (Pl. 3, fig. 3-4), Calliops 
annulatus, Bronteopsis gregaria, and Tretaspis reticulata are somewhat less common. 
The Nemagraptus zone of graptolites and the associated trilobites are especially 
well displayed in fields east of U. S. Route 11 opposite Lacey Spring Post Office 
and just west of the same highway a mile or so north of the Caverns of Melrose 
south of New Market. These trilobites and several brachipods, also known to occur 
with the Nemagraptus fauna between Lacey Spring and Staunton, have been found 
in the lower Echinosphaerites and Nidulites-Lambeophyllum zones of Butts’ Chambers- 
burg in the Strasburg-Winchester-Wadesville district. Those brachiopods occurring 
in both the “Athens” and Chambersburg include Lingula cf. L. nympha Billings, 
Resserella cf. R. rogata, Oxoplecia aff. O. simulatrix, Ptychoglyptus, Multicostelia 
cf. M. bursa, ““Leptobolus ovalis,’”’ Sowerbyella, Leptellina, Cyclospira, and Conotreta. 
A few silicified specimens of Diplograptus have been etched out of limestone blocks 
from the lower beds of Butts’ Chambersburg near Strasburg. Since the brachiopods 
and trilobites associated with these graptolites occur with the Normanskill fauna 
south of Mt. Jackson, it seems reasonable to infer that the silicified diplograptids 
near Strasburg are representatives of the Nemagraptus fauna. The upper part of the 
Edinburg, particularly in the areas of Butts’ “Athens,” contains numerous grapto- 
lites mostly referable to Climacograptus and Diplograpius, apparently without 
Nemagraptus. ‘These genera have also been found in Nidulites-bearing beds identified. 
by Butts as “Chambersburg” near Wadesville (Geologic section 17) and just below 
the Reuschella “‘edsoni’”’ zone east of Lacey Spring. Thus the upper “Athens” 
of some areas and the upper “Chambersburg” are believed to correspond to the post- 
Nemagraptus, or upper, graptolite zone of the Normanskill. In the western part of 
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FicurE 6.—Columnar section of the lower Middle Ordovician formations southeast of Staunton, Virginia 
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the Shenandoah Valley, where calcarenites occur in the upper part of the Edinburg, 
Cryptophragmus antiquatus, Foerstephyllum “halli,” Camarocladia cf. C. rugosum, 
and Doleroides occur. Occurrences of Cryptophragmus antiquatus in the sections 
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FicurE 7.—Columnar section of the lower Middle Ordovician formations southwest of Staunton, Virginia 


near Wadesville, Woodstock, and Lantz Mills indicate that this supposed guide 
fossil of the Lowville (Butts, 1928, p. 365) and Pamelia (Kay, 1944, p. 22-23) has 
a relatively long range. 

Of particular interest are occurrences of numerous silty beds of Martinsburg 
lithology in the Edinburg, both in the Liberty Hall facies (Geologic section 28) 
and in the Lantz Mills facies (Geologic section 17). These silty beds contain Res- 
serella cf. R. rogata, Christiania cf. C. trenionensis, Bimuria lamellosa, and “‘Sower- 
byella’”’ pisum. ‘These layers may possibly indicate that beds of Edinburg age in some. 
unstudied areas may have a Martinsburg facies as well as those facies identified im 
the present study. 

Age and correlation—The Edinburg corresponds to a substantia) part of the 
Chambersburg formation of Pennsylvania. It is also equivalent to the Normanskill 
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shale of New York and contains representatives of limestones of Black River and 
possibly early Trenton age in New York and Ontario (Kay, 1937, p. 256-258; Oku- 
litch, 1939, p. 337). Precise correlation with New York formations other than 
the Normanskill must await further study. 

The Edinburg is also equivalent to the beds identified by Butts as Chambers- 
burg, Athens, and Whitesburg in the Shenandoah Valley. The Botetourt limestone 
member includes the characteristically granular beds of Butts’ Whitesburg in Vir- 
ginia. Along Walker Mountain in southwestern Virginia, the Edinburg corresponds 
to the succession above the Lincolnshire and upward at least as high as the top of the 
Witten limestone (Butts’ Lowville). In belts northwest of Clinch Mountain, the 
Edinburg is represented by beds identified by Butts (1940, p. 170-191) as Ottosee 
and Lowville, which have recently been classified into the Ward Cove, Peery, Ben- 
bolt, Gratton, Wardell, Bowen, and Witten formations (Cooper and Prouty, 1943, 
p. 863-880). The Edinburg also includes representatives of most, if not all, of the 
Tennessee Whitesburg and the typical Athens, and of the Stones River group of 
central Tennessee. 

The occurrence of Tetradium cellulosum and other fossils, not known from forma- 
tions older than the Black River, below the base of the Edinburg at the type section 
of the Chambersburg indicates the post-Chazy age of the Edinburg and its above- 
mentioned correlatives. Since the Edinburg is succeeded by beds no older than 
middle Trenton, there is a possibility that the upper Edinburg ranges higher than 
the top of the Black River. 


ORANDA FORMATION 


Name.—The name Oranda formation is proposed for the distinctive 30-foot zone, 
characterized by the occurrence of Reuschella “edsoni’’ and its associates, which 
overlies the Edinburg and directly underlies the Sinuites beds of the Martinsburg. 
It is the “Christiania bed” of Butts (1940, p. 201).. The name is taken from a hamlet 
about 3.5 miles northeast of Strasburg, Shenandoah County. The type section 
(Geologic section 14) is along the new location of State Highway 55 about 2.7 miles 
S. 40° W. of Oranda and somewhat less than half a mile west of U. S. Route 11 in 
the north environs of Strasburg. 

Lithology.—Despite its relative thinness, the Oranda is probably the most dis- 
tinctive formation in the Middle Ordovician of the Shenandoah Valley. It is also 
of considerable importance as a reliable zone of reference, below which the facies 
changes in the Edinburg formation are observable between Lacey Spring and Win- 
chester. About 0.4 mile west of Linville Station, Rockingham County, the Oranda 
overlies beds of the Liberty Hall facies; west of Lantz Mills (Geologic section 12) 
it succeeds the distinctive St. Luke limestone member; and along Tumbling Run 
and U. S. Route 11, southwest of Strasburg, it overlies cobbly unfossiliferous beds 
referable to the post-Nidulites zone (Geologic section 20). The Oranda is mainly 
developed in the Middle Ordovician belts west of U. S. Route 11. It is probably 
continuous in the westernmost belts of the Shenandoah Valley as far south as U. S. 
Route 250. East of the Massaautten syncline, the Oranda probably does not per- 
sist very far south of State Highway 274, Clarke County, although it is possibly 
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represented by the sandstone with granulated fossils, just above the Edinburg near 
Riverton, Warren County (Geologic section 18). The absence of the Oranda farther 
south in this belt makes it almost impossible to separate the “Athens” beds of the 
upper Edinburg from the overlying Martinsburg. The Oranda is apparently absent 
southeast of Harrisonburg. 

The Oranda is composed mainly of very argillaceous limestone but contains meta- 
bentonitic clays, shales, and ledge-making siltstones. It forms the transition zone 
between the subjacent limestone and the succeeding sandy shales of the Martins- 
burg. Except in road cuts, the Oranda is almost nowhere fully exposed. Many 
of its metabentonites are unknown outside the type section. 


Geologic section 14.—T ype section of the Oranda formation along State Highway 55, 2.7 miles S. 40° 
W. of Oranda, Virginia 
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Thickness 
Feet In. 


16. Mudstone, calcareous, lumpy, dark gray, silicified; basal surface crowded 
with Echinosphaerites; other beds contain Reuschella, Eoplectodonta, 
Bimuria lamellosa, Christiania trentonensis, Resserella rogata, Lingu- 
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Fossils.—The following is a partial list of the fossils collected from the Oranda 


formation in the Shenandoah Valley: 


Cystoids - 

Echinosphaerites aurantium (Gyllenhahl) 
Bryozoans 

Hallopora ct. H. multitabulata (Ulrich) 
Brachiopods 
Bimuria lamellosa (Bassler) (Pl. 3, figs. 29-32). 
Christiania trentonensis Ruedemann 
Eoplectodonta alternata (Butts) (PI. 3, figs. 26-28) 
“Leptaena charlotiae’’ Winchell and Schuchert 


Lepiaena sp. 

“Leptobolus ovalis” Bassler 

Lingulasma sp. 

Oxoplecia simulatrix (Bassler) 

Orthambonites sp. 

Parastrophina sp. 

Resserella rogata (Sardeson) 

Reuschella “edsoni’’ (Bassler) (Pl. 3, figs. 33-34) 
“Sowerbyella” pisum (Ruedemann) 
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“Strophomena”’ sculpturatus Bassler Fict 
Age and correlation—Through the occurrence of Reuschella “‘edsoni,” the Oranda 
is linked with the basal (Shoreham) member of the Sherman Fall limestone of the 
Trenton of New York. The Oranda formation also corresponds to the “Christiania” Vall 
[Bimuria] bed of the Chambersburg limestone of southern Pennsylvania. The § of tl 


southern limits of the formation in Virginia are not yet known. Possibly it is rep» § As ¢ 


resented in the lower part of the thick succession of sandy shales which have been § re ; 
identified as Martinsburg in the central and southwestern parts of the Appalachian | base 
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FicurE 8.—Columnar section of the lower Middle Ordovician formations in Shenandoah and Frederick 
anda counties, Virginia 


f the 
nia” | Valley in Virginia. This possibility is also worthy of consideration on the east side 
The § of the Massanutten syncline between Riverton and U. S. Route 250 east of Staunton. 
rep- | As already mentioned, there is evidence that the Martinsburg shaly, sandy beds 
been | are a megafacies of the Middle Ordovician, ranging as low stratigraphically as the 
i base of the lower Echinosphaerites zone. 
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COLLIERSTOWN LIMESTONE 


Name.—The Collierstown limestone is named from a hamlet along Collier Creek 
8 miles west of Lexington, Virginia. The type section (Geologic section 42, units 
52-53) is just north of State Highway 251, about 2 miles east of Collierstown. The 
Collierstown is underlain by the Edinburg formation and overlain by the Martins- 
burg. 

Lithology—Most of the Collierstown is shell limestone and medium-grained 
calcarenite, but there are intercalated buff argillaceous limestones and buff shales, 
some of which are probably metabentonites. The thickness is generally less than 75 
feet. In the Shenandoah Valley, the Collierstown limestone occurs only in the 
westernmost belt of Middle Ordovician limestone, along the foot of Little North 
Mountain, south of U. S. Route 250. It is thicker and more widespread in middle 
and western belts of the James River district. 

Fossils—The fauna of the Collierstown includes Zygospira recurvirostris (Hall) 
and species of Parastrophina, Doleroides, Cyclospira, and Rafinesquina s.s. Some 
layers are crowded with poorly preserved gastropods. 

Age and correlation.—The Collierstown occupies the same stratigraphic position 
in the southwestern part of the Shenandoah Valley as the Reuschella “‘edsoni’’ zone 
of Frederick, Shenandoah, and Rockingham counties, and the two are possibly 
equivalent. The Eggleston limestone in Lee County, Virginia (Huffman, 1945, 
p. 160), contains many of the fossils occurring in the Collierstown limestone of the 
Shenandoah Valley and in the Tyrone limestone of the Central Basin of Tennessee. 
Although they are not underlain by the same beds, the Tyrone, Eggleston, and 
Collierstown may be equivalent. The presence of Rafinesquina s.s. in the Colliers- 
town indicates Trenton, and both the Tyrone and Eggleston contain Trenton fossils 
(Cooper, 1944, p. 103; Huffman, 1945, p. 173). Being succeeded by the Sinuites 
beds (Martinsburg) of middle Sherman Fall age, the Collierstown is within the Rock- 
land-Shoreham interval of the type Trenton. It should be mentioned that the 
Collierstown limestone is not the same as the 60-foot calcarenite at the top of the 
Edinburg formation in the eastern and southern environs of Lexington, Virginia. 
That calcarenite contains Foerstephyllum “halli’’, Dystactospongia, Lichenaria, 
and Lambeophyllum, which link it with the St. Luke limestone member of the Edin- 
burg formation, as developed in the western limestone belts of Shenandoah County. 


UNCONFORMITIES 


A marked disconformity at the top of the Beekmantown is indicated by: (1) 
the absence of typical Chazy (type Lenoir) fossils in the succeeding beds, except 
in a few localities where the typical Lenoir brachiopod, Rostricellula pristina, occurs 
below the ““Mosheim”’ beds of the New Market limestone; (2) by considerable local 
variations in thickness and the local absence of the New Market limestone; and 
(3) by conglomeratic beds at the base of the New Market in many localities. The 
Lincolnshire and New Market are unconformable where the Whistle Creek limestone 
is absent. Locally, where the Lincolnshire directly overlies the Beekmantown, no 
New Market or Whistle Creek sediments accumulated. 

In the section 2 miles southwest of Marion, Pennsylvania, the New Market lime- 
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Stratigraphic Range of Important Fossils 


S- Formation 


simulatrix 


Resserella cf. R. 
reticulata 


Nidulites ovoides 
Dinorthis atavoides 
Corineorthis 
Ptychoglyptus 
Echinosphoerites 


Nidulites 
Homotelus. 


E 
2 
ao] 

o 
= 

@ 
Be 


5, Edinburg 
he (Chiefly Liberty 
Hall facies) 








n- Lincolnshire 


New Market 


1) FicurE 9.—Columnar section of the lower Middle Ordovician formations in Clarke, Warren, Page, and 
| eastern Rockingham counties 





pt 

. stone (Geologic section 4, unit 1) is overlain by nearly 1000 feet of limestone older 
ad than the Edinburg or basal Chambersburg. The great changes in thickness and 
he character of these limestones southward toward Virginia may include wedging out 
a of much of the thick succession observed near Marion. The absence of Tetradium 
od cllulosum and calcilutite just below the lower Echinosphaerites beds of Virginia 


suggests that the 358-foot succession of Tetradium cellulosum-bearing limestones 
southwest of Marion pinches out before reaching Virginia, but possibly the cherty 
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Lincolnshire represents a part of the Tetradium cellulosum beds of southern Pennsyl- 
vania. 

There is some reason to regard the Oranda and underlying Edinburg as unconform- 
able. Rockland-Hull equivalents have not been certainly identified in the upper 
Edinburg, and the succeeding Reuschella beds seem unmistakeably linked with the 
middle Trenton. Receptaculites cf. R. occidentalis, Foerstephyllum “halli,’”’ Lambeo- 
phyllum profundum, and Cryptophragmus—common in the Edinburg in western 
belts of the Shenandoah Valley—are listed by Okulitch (1939, p. 335-337) from the 
Coboconk limestone which Kay (1937, p. 256-257) identifies as lower Trenton. The 
magnitude of the hiatus at the top of the Edinburg cannot be determined until the 
relative ages of the St. Luke member of the Edinburg, the Oranda, and Collierstown 
have been established. In southwestern Virginia, the Witten limestone, containing 
Cryptophragmus antiquatus and Camarocladia and thereby seemingly linked with 
the upper Edinburg, is overlain by the Moccasin red beds which the writers now 
regard as lower Trenton. In Lee County, Virginia, the Moccasin is succeeded by a 
zone with metabentonites and Tyrone fossils. Although the Tyrone and Oranda 
and Collierstown may possibly be approximate equivalents, the thick Moccasin 
of southwestern Virginia seems to be unrepresented in the Shenandoah Valley. 


GEOLOGIC SECTIONS 


In addition to the sections already given, the following are representative of the 
various developments of the lower Middle Ordovician in the Shenandoah Valley. 
A few critical sections farther south, including the type section of the Murat lime- 
stone and the newly proposed Botetourt limestone member, are also given. Prac- 
tically all the sections were studied and measured by B. N. Cooper in company with 
R. S. Edmundson, of .the Virginia Geological Survey, whose friendly counsel and 
assistance are gratefully acknowledged. 


Geologic section 15.—Middle Ordovician limestone hal f a mile east of U. S. Route 11, near Rest, Frederick 
County, Virginia 
Thickness 
Feet 

Martinsburg shale 
Oranda formation (30 feet) 

9. Limestone, argillaceous, drab gray; with intercalated thin siltstones; poorly exposed. 30 
Edinburg limestone (398 feet) 


8. Limestone, cobbly, argillaceous, dark gray (Lantz Mill facies).................. 95 

7. Limestone, bluish gray, clayey, nodular; contains Nidulites pyriformis and Lam- 
NINN ioe suck eC kana ct Uiisinceelantngaucke est slaseaeas 108 

6. Limestone, black, even-bedded (Liberty Hall facies)......................000005 69 


5. Limestone, mostly nodular to cobbly (Lantz Mills facies), but contains thin zones of 
even-bedded black limestone (Liberty Hall facies); sparse Nidulites and Lam- 
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4. Limestone, nodular to cobbly; contains a few beds crowded with Echinosphaerites 
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Lincolnshire limestone (216 feet) 
3. Limestone, medium gray, granular, sparsely cherty; mostly covered.............. 98 
New Market limestone (143 feet) 
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Geologic section 16.—Middle Ordovician limestone east of U. S. Route 11, near Vaucluse, Frederick 


County, Virginia 
Martinsburg shale ickn 
Oranda formation (25 feet) 
11. Siltstone and shaly limestone; brownish gray to buff gray; contains “Sowerbyella” 


Thickness 


pisum, Christiania sp., and Eoplectcdonta sp............0. 0.000 e cece eee eens 25 
Edinburg formation (522 feet) 
OU peer, ae a, Came Im in 6 kts aos diarrhea Oh ok Udlorgain's 10 
9. Limestone, bluish gray, cobbly, contains Nidulites and Lambeophyllum (Lantz 
NTU i Lo a he i Crater ana ado M he IOs aia car Ah ee ae a OO angi 75 
8. Limestone, dense, black, even-bedded; contains Nidulites and Lambeophyllum 
EE Re IPT HERE CRT eet ee EIA IN Maal 256 
7. Limestone, cobbly to nodular, drab gray; Nidulites near top and Echinosphaerites 
eee Te TR Se BI CARRIE ook oo 5s oss cei cicccavcssedood dbiccaagans 59 
6. Limestone, cobbly, clayey, drab gray; contains sparse Lambeophyllum near top and 
Comemainbarn cp. Cate WEIS TRIE) ooo ss osc cw cecccccesscccsescs 41 
5. Covered interval; few showings of black slabby to cobbly limestone............... 79 
4. Siltstone, shaly, poorly exposed; yellowish clayey laminae above and below........ 2 
Lincolnshire limestone (118 feet) 
3. Limestone, granular, cherty, dark bluish gray....................ceceeeeeeees 106 
New Market limestone (135 feet) 
2. Calcilutite, dove gray, dense, pure, thick-bedded.....................2.0000005 80 
D.C NS GIN, SAIRET OI. 6 asin oii ces oe scccnsteccetcuscesss 57 


Beekmantown dolomite 


Geologic section 17.—Middle Ordovician limestones 500 feet south of State Highway 274 and 1.7 miles 


S. 10° W. of Wadesville, Clarke County, Virginia 


* Thickness 
Oranda formation Feat 


Edinburg limestone (552 feet) 
17. Limestone, thin-bedded, dark gray, weathers bluish gray; sta of buff clay; 


contains Nidulites and Christiania (Lantz Mills facies). . bal errr 
16. Siltstone, buff, shaly; contains Climacograptus...........006 00 ccc cece e ene eee 3 
15. Limestone, shaly to cobbly, not fully exposed (Lantz Mills facies)... ree 
14. Siltstone, buff to brown, shaly at the base. ............... cece cece cence eees 83 
Se, SI TEE os nso Semesteeoabas ace cunecs came de MOLT ere Meals 3 
Bs I 9.2% bi Soleil docs gih' d's Maaco aR Olek we ae <a Riga da lansnaierA nae aos SEC 
11. Limestone, black, cobbly toward the base; thin shaly partings define the bedding; 

ahundant Wedeléies (Lasits Wiis T0008)... ... 5... oct cece ccccccccsccees 20 
10. Limestone, dense, black, slabby, with partings of black shale; contains layer crowded 

with Homotelus and Lonchodomas (Liberty Hall facies). . Pe dots tesat care eee 
9. Limestone, buff weathering, very cobbly (Lantz Mills facies)... es PN ake 


8. Limestone, dense, black, even-bedded; partings of black shale (Liberty Hall facies). 46 

7. Siltstone, shaly, weathers reddish brown to brownish gray; contains Resserella cf. 
CRS” SREP, soy Anas Pare acct ea LE pr mate PD rr ee ey Fee tres Seen 10-15 

6. Limestone, fine-grained, cobbly, shaly partings; Echinosphaerites at the base and 
Cryptophragmus antiquatus? below the top (Lantz Mills facies). . wry. J 

5. Limestone, fine-grained, dense, black; Homotelus at the base (Liberty Hall facies). 60 

4. Limestone, fine-grained, black, poorly exposed (Liberty Hall facies)............. 86 

Lincolnshire limestone 
3. Limestone, dark bluish gray, granular, sparsely cherty; many layers crowded with 





* This Cryptophragmus although actually in a loose cobble could not have been transported because it occurred on a 
lw knob. It was essentially in place, having merely been loosened as many of the cobbles are. A piece of the matrix 
of the Cryptophragmus-bearing cobble was digested in acid and yielded silicified fossils, including Remopleurides, which 


occur at the horizon where the cobble was found. 
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Thickness 
Feet 
New Market limestone 
2. Calcilutite, dove gray, even-bedded, pure.................... 2c cece eee eee ees 39 
1. Calcilutite, impure; grades downward into limestone-pebble conglomerate at the 
Rae he itptenadetaht Bo ae ay acl ra Becta eta Sea py 9 AE ae ack For ho apt t 29 


‘Beekmantown dolomite 


Geologic section 18.—M iddle Ordovician formations in the vicinity of Riverton, Warren County, Virginia 
Thickness 
Feet 
Martinsburg formation (lower part only) 
6. Shale, black, much of it with fracture cleavage, well exposed along U. S. Route 522 
north of Riverton bridge across the North Fork of Shenandoah River......... 150+ 
Beds of uncertain age; either Oranda or basal Martinsburg 
5. Sandstone, coarse-grained, argillaceous, arkosic; contains granulated remains of 
fossils, including Diplograptus sp., Cryptolithus sp., Resserella, and linguloids; 
fully exposed along north bank of Crooked Run, just east of U. S. Highway 522 
NE NI ack crsi'y pts. s acct ei aicinuss Seas 'sieie Sa Sra:diaa eisieh eaten Rae eaeIe 8 
Edinburg, formation (435 feet) 
4. Limestone, cobbly, dense, black; contains Corineorthis and Resserella; exposed along 
abandoned right-of-way of U. S. Route 522, between Crooked Run and River- 
NII 5 8-8 a9 ia sia Rapa clocens mae ctaes Cone alae aie eile mam eta ae eeu 35 
3. Limestone, slabby, black, with minor intercalations of shale; not fully exposed; re- 
peated by folding, as shown along the north bluff of Shenandoah River east of 
the Riverton bridge; also exposed along U. S. Route 522 north of Crooked Run 
and west of highway junction with Road 655, 1.5 miles northeast of Riverton. 
Contains numerous graptolites and Lingula cf. L.nympha............0.0..0005 400 
Lincolnshire limestone (25-30 feet) 
2. Limestone, dark bluish gray, granular, very little chert; well exposed in the quarry 
of the Riverton Lime Co., and also along Road 655 about 0.25 mile east of U. S. 
ee, SE IN 553 Ss 5 i og oso wiendmaieraais de dawkharCeacawalents 20-30 
New Market limestone (25-40 feet) 
1. Calcilutite, dove gray, slightly thinner-bedded and more impure toward the base; 
well exposed between U. S. Route 522 and Road 655 and south along the strike 
in the quarries of the Riverton Lime Co.................. 2. e eee ee ee LOO 
Beekmantown dolomite 


Geologic section 19.—Middle Ordovician limestones along and near the Southern Railroad, Strasburg 
Junction, Shenandoah County, Virginia 
Oranda formation 
Edinburg limestone (387 feet) 
21. Limestone; contains Nidulites, Sowerbyella, and Lambeophylium; mostly covered.... 275+ 
20. Limestone, very clayey, partings of crumbly mudrock; limy beds weather in hour- 
glass pillars; contains Dinorthis transversa and Oxoplecia cf. O. simulatrix (Lantz 
Rr a a ai a lee nls a Pca hihi, deca Saeco aa oar 25 
19. Limestone, cobbly, thin-bedded, clayey, weathers buff; contains Dinorthis trans- 
versa, Oxoplecia cf. O. simulatrix, a large species of Corineorthis, and Resserella cf. 
R. rogata; Echinosphaerites 5 feet above the base (Lantz Mills facies)............ 35 
18. Limestone, nodular, clayey, weathers buff; contains Resserella, Cyrtonotella, Di- 
northis cf. D. transversa, Sowerbyella, Opikina, Ptychogly ptus, Orthambonites, Chris- 
tiania, Eoharpes, Tretaspis, Homotelus simplex, Ceraurus pleurexanthemus, and 


Thickness 
Feet 


Echinosphaerites aurantium (Lantz Mills facies)...............000000 00 ee cece 35 
17. Limestone, coarsely granular, contains Ampyxina and Bronteopsis (Liberty Hall 
SONGIeR, SAMUI TIN TU i i 6 50:5: 6. ss i0's ois sinrewin sks spiceemee sie 10 


16. Limestone, fine-grained, clayey, dense, weathers buff (Liberty Hall facies)... .... 7 














PROPOSED CLASSIFICATION 


ness F 
" Lincolnshire limestone (179 feet) | 
Da. TReaee, TH ON, TE BI oo nis ASS as eae ae Bee Es 11 
PAL, Dene, MUD ENCE CONN ck 55 Rene Ree Keres cadets can escd sense 64 
13. Limestone, medium-grained, crowded with bryozoans; contains thin partings and 
intercalated beds of coarse-grained limestone full of Girvanella.................. 4 
12. Calcarenite, coarse-grained, cross-laminated; abundant Girvanella................ 54 
ginia 11. Limestone, medium-grained, dark gray; contains lenses of Girvanella-bearing cal- 
Ss IIR So 15 25 Salen CA p ASA See e wk thee ea tae Cala: AWA OES cen ede p ere 34 
10. Calcarenite, cross-laminated, sparsely cherty................00cecceceeeeeeees 23 
9. Limestone, light gray, granular, sparsely cherty; contains Rhinidictya sp., Sower- 
byites cf. S. triseptatus, Dinorthis atavoides, Multicostella saffordi, Hesperorthis cf. 
DE Rae Peer re Pre re er err cree her ee 83 
» RAS, GIO RE, GIR COMI 5: «5 v0 0 g0sdigin.p:s:0:6:4 s/n ete Woke ng Abate es be alele 14 
. Limestone, light gray, cherty; contains lenses of calcarenite with Girvanella........ 34 
|, cman, Cas ate, CERI oes BSS FECES Ail ed ake tte Se eee SS 13 
. Limestone, light gray, with lenses of Girvanella.... 1.0.0.0... 0. cece cece cee 47 
. Limestone, light gray, granular, sparsely cherty.................000eee ee eeeeee 19 
. Limestone, granular, thin-bedded, no chert...................ccececececeeeeee 8 
New Market limestone (measured east of Powhatan quarry; 162 feet) 
Fe Go CO WEN I ooo ois s.c in coo de setahent sede sentea te ndbeaabeseees 133 


atte 


wo UID st CO 





1. Calcilutite, dove gray, thinner-bedded............ dtitadyancads ae seen e sees 29 
Beekmantown dolomite 


Geologic section 20.—Middle Ordovician limestones along Tumbling Run, southwest of Strasburg, 
Shenandoah County, Virginia 
Thickness 
Feet Inches 
Oranda formation (50 feet) 
22. Limestone, shale, and siltstone; exposed along U. S. Route 11 about 300 
) yards north of Tumbling Run; very fossiliferous; contains Lingwasma sp., 


Christiania trentonensis, Eoplectodonta alternata, and Reuschella “‘edsoni”... 50 
Edinburg limestone (530 feet) 

21. Limestone, crumbly, cobbly, buff gray, contains Camarocladia (Lantz Mills 
RRS Se AR cay ghee PAS A LEE Wiican a: doen nee eee EER ah 40 

20. Limestone, dark gray, dense, slabby to cobbly; contains Nidulites and Lam- 
sburg PI CLUE TRIES 0 oS herr wclcticncantussosteveerecetes 200 

19. Limestone, dense, black, even-bedded; contains Nidulites and Lambeophyl- 
saad PE Cy FI IID oo erence ndcas LLendauia sewn ne naan yess 64 

18. Limestone, clayey, shaly, cobbly; contains Nidwlites and Lambeophyllum 
a SI CIRO 808 2 os in tar Sine ee oa aula dL we SS a whesk OFS /m a8 26 
17. Limestone, medium-bedded, slabby, black (Liberty Hall facies)........... 22 
16. Limestone, very clayey, nodular (Lantz Mills facies).................... 9 
5 15. Limestone, dense, black, partings of black shale (Liberty Hall facies) pees 14 

14. Limestone, nodular to cobbly; contains Nidulites and Lambeophyllum 
NE MPI, Sis boos wa be ele eiea eda deces dash clues Seats 26 

13. Limestone, dense, black, slabby; contains Arthrorhachis, Robergia, and 

Bronteopsis; Nidulites also plentiful but none below this unit (Liberty 
INGE 3 S55 09 oss. cas oie wie ve tsk en eee gd ten eaten coe eee 45 

12. Limestone, argillaceous, cobbly; contains Dinorthis cf. D. transversa, Res- 
serella cf. R. rogata, and a large Corineorthis (Lantz Mills facies).......... 20 

11. Limestone, nodular, buff, shaly; contains Echinosphaerites aurantium, Chas- 

) matopora “sublaxa,’’ Opikina cf. O. “minnesotensis,” Homotelus simplex, 

Oxoplecia sp., Resserella cf. R. rogata, Christiania sp., Sowerbyella sp. 

Sy II ds oii cd0..0.05candecorcaeteeneanebot asadae dake on 








Ptychoglyptus sp., “Sowerbyella” pisum, Bimuria, Oxoplecia simulatrix, 
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: Thickness 
Feet Inches 
10. Limestone, granular, good ledge maker (Liberty Hall facies)......... tie oO" 
9. Limestone, cobbly, buff; bright-buff shaly partings (Lantz Mills facies)...... 3 3 
8. Siltstone, brownish buff, shaly in lower part.....................000005. 2 93 
Fs, TI, BN ia gS hi hah OS oo pwSK KK HEL ATE OSE 10 
IN ioc otic cs. scan rererwieotatonstaiee GS Settic ts whine aiialonal Wasa UM ime an Relea’ 1 
5. Limestone, cobbly, several clayey tag which are probably metabento- 
nitic (Lantz Mills facies). . a ies oo ese Skee SG aS ae aa 7 
4. Limestone, irregularly bedded, ‘othe to: coarse- p-grained (Liberty Hall 
facies, may be unit 17 of Geologic section 19).....................44. 7 4 
i II II yg otters dials tas, chrdaie ela snad ca wad acaeln da 0e% 84 
Lincolnshire limestone (132 feet) 
2. Limestone, mainly cherty, detailed description in Geologic section 8...... . 132 


New Market limestone (55 feet) 
1. Calcilutite, dense, medium-bedded, crowded with Tetradium syringoporoides; 
base exposed in stream bed beneath bridge........................45. 55 
Beekmantown dolomite 


Geologic section 21.—Middle Ordovician limestones 500 feet north of Road 721, 0.3 mile east of U. S. 


Route 11 and about 1.5 miles south of Woodstock, Virginia 
——- 
eet 


Martinsburg formation 
Oranda formation (45 feet) 
7. Mudrock, silty, drab gray; contains a few thin beds of siltstone; not fully exposed; 
contains Resserella cf. R. rogata, Eoplectodonta alternata, Reuschella “edsoni,” 
Bimuria lamellosa, Parastrophina sp., Christiania trentonensis, Oxoplecia simu- 
latrix, Ptychopleurella sp., and Echinosphaerites cf. E. aurantium.............. 35 
Edinburg limestone (510 feet) 
6. Limestone, black, medium-bedded; contains intercalated light- to medium-gray 
calcarenites with Camarocladia, numerous Cryptophragmus antiquatus, Subulites, 
Madclurites, and other gastropods; main bed with Cryplophragmus is 70 feet below 


NI 2 ciros ala nna More sala ace alas ebrkrh bo aiee aloD oe kb Sind ROA Te eere seme Mae 86 
Pe ce aha an ON ed a i th cad ars usm aonb hk wy Aen, wallace Sede vill 26 
4. Limestone, dark gray, cobbly to slabby, poorly exposed. . iaeepeats re 


3. Limestone, poorly exposed, slabby, dark gray, contains several beds crowded 1 w ith 
Nidulites; one bed with Cryptophragmus and Nidulites 27 feet above the base... 143 
2. Limestone, mostly covered, a few beds with Lambeophyllum and Nidulites........ 162 
1. Limestone, mostly covered, cobbly, buff weathering.....................00005. 66 
Lincolnshire limestone 


Geologic section 22.— Middle Ordovician limestones in the vicinity of Cedar Grove Church, 3.7 miles south 


of Mt. Jackson, near U.S. Route 11 
Thickness 
Feet 


Oranda formation (25-30 feet) 
11. Mudrock and siltstone, brownish gray, shaly; also contains beds of metabentonite 
and cobbly limestone; Bimuria lamellosa, “Sowerbyella” pisum, Resserella rogata, 
Reuschelia “edsoni,” and Echiosphaerites........ 2.05 cccccccsccccscccccss 25-30 
Edinburg limestone (839 feet) 
10. Limestone, cobbly, shaly, buff weathering; with Christiania (Lantz Mills facies).. 8 
9. Limestone, medium-bedded, black, compact; numerous intercalated beds and thin 
zones of coarse-grained calcarenite with Camarocladia, Cryptophragmus, Mac- 
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PROPOSED CLASSIFICATION 


7. Limestone, black, compact (Liberty Hall facies)..................0eeeeeeeeees 62 
6. Limestone, dense, black, medium-to thin-bedded; Echinosphaerites at the top (Lib- 
RN TE NN 6 5 5,0 5550 darn cic can Cees Ca OR es PS EO NTE RE es 76 
5. Limestone, dense, black, fine-grained; Ampyx or Lonchodomas.................. 45 
4, Limestone, mainly cobbly to slabby, weathers drab gray; Echinosphaerites at the 
ITEP T CR eT cae rd See ty re pee Comte gee bye es 24 
3. Limestone, cobbly Canin FSS ee,  calde Rea esto a as ste oe 33 
2. Limestone, buff, cobbly; contains Echinosphaerites and Lonchodomas. . i 13 


1. Mainly covered; exposed beds are black limestone and shale (all Liberty Hall facies) 475 
Lincolnshire limestone 


Geologic section 23.—Middle Ordovician limestones along State Highway 256, about 14 miles N. 72° W 


of Broadway, Rockingham County, Virginia 


Edinburg limestone as 
Lincolnshire limestone (182 feet) 
B.. EARUROS, GA Bia, SUMAN, CHOI oso ook occ cc iasse so casiMebbies ect 100 
7. Covered interval; black fossiliferous chert nodules in soil; contains Dinorthis cf. D. 
UN eo evarars ae Mates ole. wwe ews. hadi ikea Mea ea are aie Rea seks 82 
New Market limestone (200 feet) 
6. Caleiiutite, dove gray; metiiunt-Bedded, . oo... 5 0 ides ie ce icdceewsaces 18 
So SAUTE, CHER BEAY, COMMMCE, TWD CRETE: 5.65.8 565 6 esis 0's ois oinieis'e es se sibs 7 
4, Calcilutite, thin-bedded, impure; clayey partings...................00000ee eee 49 
fie Rs oo chivas, oa flea nid nig Asia: au ordi tek ache and ns ated seers glial aieta yi Ratio aia 20 
2. Calcilutite, ribbon-banded, with alternating partings of buff clayey limestone. ..... 43 
1. Dolomite, drab buff to drab gray; breaks with conchoidal fracture; contains inter- 


bedded fine-grained dove-gray limestones; some layers straticulate; contains 
bende OF insbraioemaethonel MAGES HHOCEIR o.oo nosis oc ccs encseecesecscess 63 
Beekmantown dolomite 


Geologic section 24.—M iddle Ordovician limestones 1.6 miles south of Bethel Church and 6 miles east of 


Harrisonburg 
Martinsburg formation (contact approximate) a 
Edinburg formation (all Liberty Hall facies; 943 feet) 
a Se I I INN 5.6.5.5 ona Bas SR aan Kade tame dae orien Settee 210 
10. Siltstone, rusty brown, friable; contains Parastrophina sp.. Re PEN a ee 
9. Limestone, dense, black, weathers bluish gray; contains trilobites... eee adler ea 225 
8. Limestone, thin-bedded, shaly; graptolites.................... 0c cceeeeecccees 142 
7. Limestone black, medium-bedded, very little shale........................204. 70 
6. Limestone, contains Ptychoglyptus, M ulticestella cf. M. bursa, trinucleid trilobites... 61 
5. Shale, black with graptolites; contains intercalated platy black limestones. ........ 150 
4. Limestone, thin-bedded to platy, black; contains trilobites..................... 30 
3. Botetourt limestone member, brownish weathering, coarse-grained, makes crest of 
ridge; contains “Leptobolus ovalis” Bassler..............00000 ee eeeeceeeeees 20 
Lincolnshire limestone (40 feet) 
By: Sa: SUN CAINE EU, CIMNU ss oo oo vin ccs wpe nig'es odin snainig s sbaies oe ens 40 
New Market limestone (65 feet) 
1, Calcilutite, medium-to thick-bedded; dove gray to black....................... 65 


Beekmantown dolomite 
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Geologic section 25.—Middle Ordovician limestone 250 yards west of State Highway 12 and I mile north 
of the intersection with Road 607, Warren County, Virginia 


Martinsburg shale se 
Edinburg limestone (all of Liberty Hall facies; 432 feet) 
10. Shale, black, weathers buff; contains few black limestone beds near the top. ...... 188 
9. Shale and limestone, black; transition zone with thickness and number of shaly 
EN 6655. dg echscra aie 9. we/s.-n. vi sidiex hve Wtaie hie secimicne nag keel 184 
8. Limestone, increasingly thinner-bedded toward base; very few partings of black 
NT iii wa: sate hen haat Ang Cavite ra aalved x iaud bhiemk «cet dae sta xem ed 47 
7. Limestone and shale, interbedded, black.............0.... 02sec ceeeeceeeeeeee 9 
ee care daish ocd decir er 4: Sed Gcsk aie Sie a care. dang ein m Hh So SRR wegen viele 14 
Lincolnshire limestone (49 feet) 
i, SE, NEE, ONUNON, DUNNE, 0. no sc nc cc cecececeecasscseeasectweuene 14 
6. DE, CMI, CI BU NINE ooo in onic sect cnssdccineaonunesces 27 
3. Limestone, noncherty, medium-grained.... ..... 2.2.2... sc cc cece cence ee eees 8 
New Market limestone (64 feet) 
2. Calcilutite, fine-grained, dove gray, thin-bedded.................... 000000000 54 
1. Conglomerate, lenticular; pebbles of dolomite and limestone.................... 1 


Beekmantown dolomite 


Geologic section 26.—Middle Ordovician limestones at Bixler bridge across South Fork of Shenandoah 
River, 3 miles N. 30° W. of Luray, Virginia 
Edinburg formation (all Liberty Hall facies) bs 
Lincolnshire limestone (134 feet) 
4. Limestone, dark bluish gray, nodular, cherty, stained reddish brown along bedding.. 31 


ee NE ican Saab c Aine Role haa bua awa ib ORE we w Oke 45 

2. Limestone, dark bluish gray, fine-grained, cherty near base and at the top....... 58 
New Market limestone (3 feet) 

1. Conglomerate; dolomitic matrix, pebbles of chert and dolomite................. 3 
Beekmantown dolomite 


Geologic section 27.—Middle Ordovician limestone about 0.25 mile N. 50° W. of Leaksville and 5 miles 
S. 53° W. of Luray, Virginia 


Edinburg formation (all Liberty Hall facies) nee 
Lincolnshire limestone (15 feet) 
9. Limestone, gray, granular; contains Nidulites ovoides and large cephalopods. ..... 15+ 
New Market limestone (224 feet) 
ee 8 ne cthne cle aman mks aii be se Rem nas wialretaatadie’ 10 
7. Limestone, dark bluish gray, algal structures, reddish blotches.................. 4 
EOE SE Ee Oe EET ET EE ET TET Te 1} 
DB. Coleabatite, Gave. oar OUIONe WIE aos oan oak 6 in 8 os sin cinesecivin sine st cence 9 
4. Limestone, impure, fine-grained, striped. ................. 0c cece cece ee eeeees 9 
Se A eT 12 
I IN oad Gna ard. Soreraiaitd eCards aie need needa Nee + 
1. Boulder- and cobble-conglomerates; composed of dolomite and limestone pebbles, 


and a matrix of clastic dolomite and fine-grained limestone; age of beds uncertain 

but tentatively referred to the New Market; apparently a narrow channel deposit, 

for boulder beds cannot be followed more than 200 feet along the strike.......... 175 
Beekmantown limestone and dolomite 
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PROPOSED CLASSIFICATION 


Geologic section 28.—Middle Ordovician limestones along U. S. Route 33, about 5 miles southeast of 


Harrisonburg, Rockingham County, Virginia 


Thickness 


Feet 
Edinburg formation (all of Liberty Hall facies; 833 feet) 
14. Covered interval, mostly black shale; thickness indeterminate.................. —— 
13. Shale and limestone, black, platy to slabby; a thick metabentonite about 50 feet 


above the base; Robergia 10 feet, and Cryptolithus 97 feet, above the base......... 150 
12. Limestone, black, nodular; contains thin partings of black shale with Diplograptus, 
Climacograptus, and Dicellograpius..... 2.0... cc ccccccccccccccccccseccccecs 100 
11. Siltstone, black, sandy; contains abundant Resserella cf. R. rogata............... 4 
10. Shale, black, fissile; a few intercalated limy beds; contains graptolites........... 70 
9. Shale and shaly limestone; large Climacograptus in top beds, along farm lane..... 165 
8. Limestone, black, medium-bedded, dense. ...................0.ceceeeeeeeeees 134 
7. Shale and shaly limestone, black, platy to slabby; Botetourt limestone member very 
SEGUE UNIT MINE PENDS oh sos. os vic scence tn vaceaswintiacces sugere 210 
Lincolnshire limestone (65 feet) 
6. Limestone, dark gray, irregular-bedded; pinkish streaks along the bedding....... 15 
5. Calcilutite, dove-gray, medium-bedded...............ccccccccccccccccccccces 27 
4. Limestone, medium-bedded, dark gray. ..........ccccccccccccccsccopeccecece 23 
New Market limestone (upper boundary uncertain; 78 feet) 
5; Ge I Ie en hs soph ak tn oa keandsb desis vebods 57 
2. Limestone, dark gray, finely granular; reddish streaks along the bedding; sparsely 
IN ela id w.cacBek ook dane cive ek oca pat aMae eekoiae ner as ena ten caters 
BN RIE 6 5 oi s.05:5cine ccc oe paw ieme dabae dae neb da diae OM wes 14 


Beekmantown dolomite 


Geologic section 29.—Middle Ordovician limestones along State Highway 12, about 800 feet east of its 


intersection with U. S. Route 33, near Montevideo, Rockingham County, Virginia 


=o 
Edinburg formation (all of Liberty Hall facies) 
Lincolnshire limestone (69 feet) 
6. Limestone, dark gray, fine-grained, Chorty.. «.«.....0.0:5.6 8.0 5 boc cod eceedsctecdsees 69 
New Market limestone (72 feet) 
5. Calcilutite, dove gray, medium-bedded.................... PEE oe er serra 14 
BC FE OR IO a oo oid. sci ind eeedicscccsc tose ete as 2 
3. Calcarenite, medium gray, thin-bedded. ..... 5.00... .0ccccccccccccccctecscecs 42 
2. Limestone, irregular texture, mainly fine-grained.................2..ceeeeeeees 6 
1, Limestone, coarse-grained, medium gray; fine-grained limestones intercalated near 
rn Fee ee ee re eee re 8 


Beekmantown dolomite (top irregular) 


Geologic section 30.—M iddle Ordovician limestones half a mile south of the intersection of alternate U.S: 


Route 11 and U. S. Route 11, in the north environs of Staunton, Augusta County, Virginia 
Thickn 


ickness 
Feet 
Edinburg formation (all Liberty Hall facies; 260+- feet) 
6. Shale, black, not very limy; thickness undetermined.......................005: — 
5. Shale,,limy, black, weathers yellowish brown...............2..:ceeseeeeeeeees 100 
DR NR, 555. 6c 3.5 acpaereeanmiodanes aia theaia yademuenss 150 
3. Botetourt limestone member; granular, irregularly bedded; contains many frag- 
ANE IN iS oa caine dS austin blame ile alitaie peat o Me wie bia diss 10 


Lincolnshire limestone (100 feet) 

2. Limestone, fine to medium-grained, gray, cherty; contains Dinorthis atavoides..... 100 
New Market limestone (75 feet) 

1, Calcilutite, dark gray to dove gray; thoroughly fractured...................... 75 
Beekmantown dolomite 
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Geologic section 31.—Middle Ordovician limestones along U. S. Route 250 about 3} miles west of Staunton, 
near junction with State Highway 56 
Thickness 
Feet In, 
Edinburg formation (all Liberty Hall facies) 
Lincolnshire limestone (134 feet) 
6. Covered interval; few showings of black cherty limestone................. 38 
5, Limestone, cherty, dark gray, pinkish streaks along the bedding; contains 
Dinorthis atavoides, Multicostella sp., Mimella sp.,and ribbon bryozoans.... 96 
Whistle Creek limestone 
4. Limestone, granular to fine-grained, light gray, contains Multicostella saffordi 


ROE, SGPT... 6 oo a es ce pcccceececsavenecmesepss 87 
New Market limestone (47 feet) 
3. Calcilutite, gray to drab gray, clayey partings, relatively impure. . ... 44 
2. Mudrock, reddish brown, conchoidal fracture; contains fragments of chert and 
MR Seth aa cc gtnn teatime ved 5 harks tard aseeis oa cutee atte Kd apee ad 2 6 
1. Mudrock, dolomitic, shaly, reddish brown.......................2000000- 6 


Beekmantown dolomite 


Geologic section 32.—Middle Ordovician limestone just east of Chesapeake Western Railroad, northeast 
environs of Staunton, Augusta County, Virginia 


— 
ee 
Edinburg formation (all Liberty Hall facies; 310 feet) 

8. Shale, black, contains Normanskill graptolites; thickness indeterminate.......... — 

7. Limestone and shale, black, platy to slabby, thickness estimated................ 150 

6. Shale, black, fissile, slaty cleavage; contains few thin limestones near the base..... . 150 

5. Botetourt limestone member, granular, cobbly to shaly........................ 10 
Lincolnshire limestone (120-+ feet) © 

ee L.A Pere 60 

3. Calcarenite, coarse-grained, texture very irregular, contains large algal masses, very 

nn UII INN 5. isn ttipnc os ala soa orore dig doe 6 load viewrwareid aide 60 

Whistle Creek limestone 

2. Limestone, drab gray, very argillaceous; pinches out locally.................... 0-20 
New Market limestone (84 feet) 

1, Calcilutite, thin-bedded, thoroughly fractured................0 0.0 e cece eee eens 84 


Beekmantown dolomite 


Geologic section 33.—M iddle Ordovician limestones in the east end of the Staunton Lime Company Quarry. 
2.5 miles northeast of Staunton, Virginia 


“er 
Edinburg formation (all Liberty Hall facies) 
Lincolnshire limestone (40 feet) 
My Ramee, WENT GION, CRI, GBI 5 85 8. aoc nc be cc eed dtedaccacescss ew 40 
New Market limestone (60 feet) 
3. Calcilutite, dove gray, medium-bedded.... .... 0... cece ccc cc ccaesecece 25 
Fe RA, COE OO ONE: TRIB oa. oo so sine cic ade ceeded dee cniadees 10 


1. Calcarenite, light gray, partly cross-laminated, basal portion fills cavities in the 
underlying Beekmantown and contains Rostricellula pristina; lower contact very 
irregular (units 1 and 2 absent in west end of quarry)......................205- 20+ 

Beekmantown dolomite 
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Geologic section 34.—Middle Ordovician limestones in an abandoned quarry a quarter of a mile east of the 


junction of Roads 608 and 652, about 6.7 miles S. 21°E. of Staunton, Virginia 
Thickness 
Feet 
Edinburg formation (all Liberty Hall facies) 
Lincolnshire limestone (117 feet) 
6. Limestone, dark gray, nodular, medium-grained, very cherty; contains Dinorthis 


IEEE SU I ii i ho hi ss RS oN RE 75 
5. Calcarenite, gray, coarse-grained (Murat calcarenite facies)................-... 6 
4, Limestone, medium-grained, dark gray, nodular, sparsely cherty; contains Sower- 
ee re Ao wee rr cr eer rye 16 
3. Calcarenite, coarse-grained, thick-bedded, white (Murat calcarenite facies)......... 20 
Whistle Creek limestone 
2. Limestone, dark gray, very cherty; contains intercalated thin beds of medium- 
grained limestone; contains Hesperorthis............00.cccccecccccccccsesces 30 


New Market limestone (60 feet) 
1. Limestone, mostly dove-gray calcilutite, but contains clastic layers representing 
SE ND cosine de icin d seed bak tasks sdeRue® REREAD IT AS 60 
Beekmantown dolomite 


Geologic section 35.—Middle Ordovician limestones just west of Road 652, about 1.8 miles northeast of the 


junction of State Highway 12 and Road 652 and 6.4 miles S. 5° E. of Staunton 
Thickness 
Feet 

Edinburg formation (all Liberty Hall facies) 
Lincolnshire limestone (199 feet) 

+. SaeetOne, Gas eens aati Chatty oi6 6. oii Soak nde eidanig Bawdeds Reman 46 

6. Calcarenite, light gray, coarse-grained, thick-bedded (Murat calcarenite facies)... 112 

5. Calcarenite, medium- to coarse-grained, medium gray (Murat calcarenite facies),. 41 
Whistle Creek limestone 


4. Limestone, dark gray, nodular, very cherty; contains Mimella and Camerella..... 56 
New Market limestone (1174 feet) 

3. Colsiatiin, legit gong, manana edhe ois 6 5.5. 6 osc sca sic ee ks teres sinsiceweas 51 

2: Tiemann, Geek aca, Timea, NOM. 5 66 coco isis ese e8c8 8 ied dds uses oe 64 

1. Calcilutite, dove gray, compact; base not exposed..................0000eeee-- 60 


Beekmantown dolomite 


Geologic section 36.— Middle Ordovician limestones west of Road 652, 6.8 miles due south of Staunton and 


a mile northeast of the junction of Road 652 and State Highway 12 


Thickness 
Feet 
Edinburg formation (all Liberty Hall facies) 
Lincolnshire limestone (206 feet) 
8. Limestone, dark gray, cherty; mostly covered.................. 2.0 eee eeeeeees 30+ 
7. Calcarenite, coarse-grained, medium to light gray, thick-bedded (Murat calcarenite 
Mh ica th nt eb ae SRE os CARUSO eA eres & alla See eoeae aes 176 
Whistle Creek limestone 
SG. Lamnonbonns, Gaek grey, Checty,, MOGMINE. 6 aos s. oan. os. 05 5:5e 4 dds tele ied Meidin dials oe 69 


New Market limestone (130 feet) 
5. Calcilutite, dove gray, contains a few very thin impure layers near the middle... . 130 
Beekmantown formation (103 feet) 


i RONNIE CINE 255-52 cs a ra ee he Eee abel Sees 3 
3. Calcilutite, pearl gray; typical Beekmantown limestone........................ 29 
Dy, SAI REE, MEIN 5 5556.5.5 8b waisuiee'p ene wee Soo ens. sdcbaeeteee wn 7 


1. Calcilutite, pearl gray; underlain by great thickness of Beekmantown dolomite and 
PIE iis oak wid bb 40.4.4 Ao cgumin ese kine sme Re OMEN ree ae eee Gate a Sivlente 
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Geologic section 37.—Middle Ordovician limestones about 0.7 mile east of the intersection of U. S. Route 
11 and Road 654, about 4.5 miles S. 5° W. of Staunton, Augusta County, Virginia 
. Thi 


Feet 
Edinburg formation (all Liberty Hall facies) 
Lincolnshire limestone (68 feet) 
i eee ID IN INI NNN oo 55 oasis 5 ks sicidie owe ibe ddleclicsenes teen 25 
5. Calcarenite, reefy structures, light gray, coarse-grained (Murat calcarenite facies). 18 
it. Limmentome, nodular, dark gray, cherty. : 6.5... cc ce eect ctees cones 25 
New Market limestone (364 feet) 
3. Calcilutite, medium-bedded, dove gray... .............cccccceccesesecsccees 16-23 
B. Raa, ee WH RN GE aos ie ois sia 56S eRe BRS eet URS 34 
1, Calcilutite, dove gray and buff striped; contains peculiar granular pinkish masses of 
Smpstamnn lms, Tecra GAO HOMIE: 58 oe 55 ooo oi ck cise weccedeccdeuoses 6-10 


Beekmantown dolomite 


Geologic section 38.—Middle Ordovician limestones along Road 602, about 5.5 miles S. 82° W. of 
Middlebrook, Augusta County 
Thickness 
Feet 
Botetourt limestone member 
6. Limestone, medium- to coarse-grained, light gray; weathers rusty brownand mealy. 15 
Lincolnshire limestone 
5. Limestone, dark bluish gray, medium-grained, very cherty; contains Dinorthis ata- 


ene OE OIE IIE on 5 oi os She i nies suadbdemtexes 126 
Five Oaks (?) limestone 
4. Calcilutite dove gray; contains Tetradium syringoporoides..........c00eeeeeeees 5 


Whistle Creek limestone 
3. Limestone, dark gray, very impure, thin-bedded; intercalated lenses and beds of 
blocky-weathering chert containing Hesperorthis, Strophomena, and Dinorthis 


New Market limestone (69 feet) 
2. Calcilutite, dove gray to smoky gray, sparsely cherty; striped with buff argillaceous 
bands; contains Tetradium syringoporoides..... 0.0.0.0 0 cece cece eee 14 
1. Limestone, dove gray, fine-grained, contains many poorly preserved gastropods; 
transitional with underlying dolomite; base arbitrarily drawn at top of highest 


Beekmantown formation 


Geologic section 39.—M iddle Ordovician limestone ai base of Little North Mountain, west of Road 602, 
near the Augusta-Rockbridge County line® 
Thickness 
Feet 
Martinsburg formation 
Collierstown limestone 
8. Limestone, medium-grained, calarenitic; contains intercalated beds and partings of 
buff shale and golden-gray fine-grained limestone; fossils include Doleroides, Zygo- 
I I ON 5d 55 ces Dae estaedawUdan wo sch bode wed ean 45 
Edinburg formation (718 feet) 
7. Limestone, medium to dark gray, slabby to cobbly; weathers smoky gray; contains 


I Gs BI oo 5 indi 5.556 oad oon sae ennttaddeackuwdeewne eee 40 
6. Limestone, black, slabby, some beds weather buff; contains Christiania, Resserelle, 
Dinorthis transversa, and Echinosphaerites. 0.2.0.0... cccccceccccceccceccces 400+ 





8 Units 1-3 measured at point 2.3 miles northeast of county line; units 3-8 measured at point 0.5 mile northeast of 
county line. 
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Le — ye 
5. Siltstone, dark brown, weathers mealy; contains Homotelus and fragments of a 
UeeeS-C ee GOI... os st ts Ses ei. Seas eee eee 1-2.5 
Gi Rr ee, Pe COs 5 bo dick rivecadaas Dieses uanigebareeetedaa. 0.5 
3. Limestone, drab gray to buff; weathers cobbly; contains Echinosphaerites, Lambeo- 
phyllum, Resserella cf. R. rogata, and Sowerbyella (Lantz Mills facies). . 65 
2. Limestone, black, compact, evenly bedded with partings of black shale ‘(Liberty 
BO I ig. 5, ke vo rctiere 4: 6-qsath dsvetele waskiaed Bheaces, pire ie be Ee SS a Aa 150 
1. Botetourt limestone member, dark gray, medium-grained, very impure; weathers 
rusty brown; contains Bronteopsis and Resserella..............00 ccc cceeuees 60 


Lincolnshire limestone 


Geologic section 40.—Middle Ordovician limestone between Whistle Creek and U. S. Route 60, about 2 


miles northwest of Lexington, Rockbridge County, Virginia 


Thickness 
Feet 
Edinburg formation (1070 feet) 
13. Black shale and black limestone (Liberty Hall facies); thickness estimated....... 1000 
12. Botetourt limestone member, dark gray to black-fine-grained, silty; contains 
Echinosphaerites, Ptychoglyptus, and Bronteopsis gregaria..........0000020-040- 70 


Lincolnshire limestone (280 feet) 
11. Limestone, medium- to fine-grained, some layers cherty; contains Dinorthis atavoides 
and Sowerbyites triseptatus; exposed along south bluff along Whistle Creek about 


RE IGE I oo oroic ds os ee wa cea sae see cent ioen gar 60-65 

10. Murat calcarenite facies, light gray, thick-bedded, very pure................... 70 
9. Limestone, shaly, nodular, dark gray, sparsely cherty; contains sowerbyellid bra- 

SIND MN EOIN 50,35 cece ars ated a aaa eatarg aleeetibes 9.8 anee dete are eieae o> 10 

8. Murat calcarenite facies, light gray, thick-bedded, very pure................... 85 

7. Limestone, dark gray, cobbly, impure, contains Dinorthis...................++. 5 
6. Limestone, dark to medium gray, evenly-bedded, medium- to coarse-grained; con- 

CII 5 cons. cash dain ceed slams ie fl Alea mame g arate Reraieds Se eae 25 


Whistle Creek limestone (82 feet) 
5. Limestone, dark bluish gray, irregularly bedded, with wavy siliceous partings; 
I Er RE EE Ri ers ree ety or Saye 18 
4. Limestone, medium- to fine-grained, very cherty, with shaly partings; contains 
Hesperorthis, Camerella, Valcourea, Mimella, and Multicostella saffordi (Butts, 
WE ONES Fs. 6:5 snc wae c wheat mead WE eek aK ea en ae RT A eed Ot 
New Market limestone (measured just south of U. S. Route 60 and 250 feet east of bridge 
across Whistle Creek; 31 feet) 


3. Limestone, dove gray, fine-grained, rather impure..... IM seeped ieee te) es 
2. Limestone, bluish gray, medium-bedded, sparsely cherty...................2..: 2 
1, Limestone, bluish gray, thinly bedded, contains pebbles of chert near the base..... 13 


Beekmantown dolomite 


Geologic section 41.—Middle Ordovician limestone just southeast of Road 670, about a mile northwest of 
Murat and 4 miles southwest of Lexington, Rockbridge County 


Feet 
Edinburg formation (1000+ feet) 
9. Limestone and shale, black, thickness undetermined; only basal part exposed (all 
eS NIU 5066.6. 6 iss = 5s carla w eee seg rere kas eee Ae eee De — 
8. Botetourt limestone member, dark gray, impure, thin-bedded, cobbly, silty; con- 
SAA IONE BEE TTI ooo os oscsd ns caevediaecierwssenserase’s 44 


Lincolnshire limestone (250 feet) 
7. Murat calcarenite facies, light gray, massive, cross-laminated, weathers in rounded 
III sss 00505545 Sic Tah akssaee ebdbeRedadiewad onnicnacenmess 215 
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a 
G. Edmmoainme, Gani Cliath one, Cate. oa. oa inn i oie cb db alen ce dibe cd cewens 1 
5. Limestone, even-bedded, coarse-grained, calcarenitic...................200000- 34 
Whistle Creek limestone 
4. Limestone, dark gray, fine-grained, thin-bedded, with ropy siliceous partings; con- 
NII Ss sso Ghd > v5 on a Seine kclda Sid oR ace cca eea rss Sole as 65 
New Market limestone (33 feet) 
3. Caleiiitite, dove gray. . .... 20... occ cc ee GiGi sa Sols as tee ricrsi aca ce eae eee o 10 
2. Calcilutite, light gray, thin-bedded, cherty............... 0.0.0.0 cece eueeceees 5 
1. Calcilutite, gray, irregularly bedded; contains intercalated beds of dark-gray cherty 
limestone; chert pebbles in the lowest layers....................000cceeeeees 18 


Beekmantown dolomite 


Geologic section 42.—Ordovician limestones along State Highway 251 about 6.5 miles S. 80° W. of 
Lexington and 2 miles east of Collierstown Post Office, Rockbridge County 
Feet 
Martinsburg formatjon 
Collierstown limestone (58 feet) 
53. Calcarenite, medium-grained, even-bedded; intercalated beds and partings of buff 
shale and impure drab-gray limestone; contains Zygospira recurvirostris, Doler- 


oides, Parastrophina?, and a few Rafinesquina s.s..............0 0000 e eee ee 50 
52. Limestone, nodular, argillaceous, weathers drab gray; contains intercalated cal- 
carenites with many poorly preserved gastropods. .................0.eeeeeee 8 


Edinburg formation (695 feet) 
51. Limestone, black, fine-grained, dense, evenly bedded with partings of black shale 


which weathers buff (Liberty Hall facies).................. 0. ccc ccce ee eeees 25 
50. Limestone, medium gray, weathers buff; a conspicuous ledge maker; repeated by a 
shallow syncline visible from the highway...................0 000 c eee eeeeee 20 


49. Limestone, buff, very argillaceous, weathers cobbly; contains Echinosphaerites, 
Dinorthis transversa, Christiania, Resserella cf. R. rogata, Sowerbyella, Ampyx, 


and Bronteopsis in the lower 75-100 feet (Lantz Mills facies)................. 135 
48. Limestone, black, compact, even-bedded; partings of black shale; upper 15 feet 

contains Dinorthis transversa (Liberty Hall facies).....................00005. 55 
47. Limestone, black, fine-grained, partings of black shale (Liberty Hall facies)... ... 214 
46. Limestone, dark gray, cobbly to slabby, weathers buff, contains Resserella, Echino- 

Sphaerites, and Dinorthis transversa (Lantz Mills facies)...................... 41 


45. Limestone, dark gray, slabby, contains great abundance of Homotelus and Loncho- 
domas, a few Echixosphaerites (intermediate between Liberty Hall and Lantz 


ERI CA LE LS LENE ESCO LER POG ee Te Sere eo 57 
44. Limestone, black, weathers buff and cobbly; contains Lonchodomas, Glyptorthis, 
eg ee errr an” 
Be I IN cso no ores os ison a vis sig bok haa Gea Ae wea ERA 0.2 
42. Limestone, black, dense, evenly bedded, with partings of black shale; weathers 
slabby; contains Lonchodomas and Homotelus (Liberty Hall facies). . : .. 
41. Botetourt limestone member, granular, impure, silty, contains Echinesphasrites and 
I tea Sosa Sea ence Sa.4s +.b%.oaskrekadey ae tan acant ease ane 8 


Lincolnshire limestone (235 feet) 
40. Limestone, dark gray, medium-bedded, cherty; contains Dinorthis atavoides and 


EE REE SLATE RE RTE OE! LE IPS PS NS 87 
39. Limestone, medium- to coarse-grained; weathers nodular but looks massive in fresh 

I atiocs Cacic th dcaMa cars eine cera iiers acrtiow acrd amid aes badass noes wal 51 
38. Limestone, medium gray, medium- to coarse-grained, calcarenitic............... 5 


37. Murat calcarenite facies, light gray, cross-bedded....................000000 008 
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PROPOSED CLASSIFICATION 


i Ra: CU I COIR ss 55.8. rics bene tena tedee me 
35. Limestone, medium to dark gray, granular, calcarenitic....................000: 
Sm, DarOt CURRIN TRG, BOE GIO ooo ini hic bias o odctieeuiiiesasccdeosaane 
33. Limestone, dark gray, granular, contains Sowerbyites... 0.2.0.0... cece cccueuees 
32. Murat calcarenite facies, light gray, cross-bedded.................000cceeeaeee 
31. Limestone, dark gray, very impure, wavy-bedded, nodular..................... 
30. Murat calcarenite facies, coarse-grained, medium to light gray.................. 
Whistle Creek limestone 
29. Limestone, dark gray, rather fine-grained, very impure; lower half contains great 
abundance of chert; rock weathers to a mealy spongy residue; contains Hes peror- 
this, Valcourea, Camerella, and many bryozoans....................0000: tthe 
New Market limestone (84.6 feet) 
Be I I is ose creeds Sh eal te Cap aha atte as 
21.. Limabtone, Cnatic-temterndl, Tne acntend a oobi 5s bo kkd hike xe awsnadn disease 
as I, CNIIINOE S535... Sr aware nals Rate SON Ch wx Waka DALECER catMaenlecake 
25. Calcilutite, dove gray, thin-bedded, sparsely cherty....................200005 
24. Limestone, medium gray, fine-grained, cherty...................0cceeeeeeeees 
23. Limestone, dark gray, contains nodules of black chert...................2.0005 
22.. Calciiutite, medium gray, spared Chetty: i. o 5.5 oii icc icc aaiecsecdacsessas 
21. Linehan, Cae Ne, DRI so. oss a Seo Sheik a Laz RES ae 
20. Calcilutite, dark gray, even-bedded, upper part reworked into a clastic limestone of 
or ed es SELLE EOE OP GOE LORET y NO ID Ree 2, 
19. Calcilutite, dark gray; contains nodules of black chert...................00000% 
18: Calcilutite, dark gray and drab gray mottled....................00c ccc ceceees 
er aN, IIE MIND MN a. on oie: 6a. asd Sw ces ashieiiioaid. dca haa ada ea eee 
16. Calcilutite, blocky-bedded, wavy clay partings...................00eeceeeeeee 
15. Calcilutite, banded light bluish gray and buff gray..................220000005 
14. Calcilutite, dark gray, mottled, very argillaceous....................000eeeeeee 
Ret NING, NIN GION NON ofp o's bd ab carg £555 Had dnpidid,'o dda eiasoeee eae Maran 
as SI IN oS, oo acca) os nae oad a ukicd tele Peau tobes. we staiaaenm alma 
11. Shale, ash gray, mealy............... ree ee SON ee eee ae eee Oe 
10. Calcilutite, mottled gray and buff; contains gastropods and Leperditia........... 
9. Limestone, dolomitic, weathers mealy and drab gray............... Seeertar 
Te: RN AUN NN UUEBNNES Soo vciccccsducass cbeacceacwoveicsaucesees 
7. Limestone, dark gray, impure, ribbon-banded; contains pyrite.................. 
6. Dolomite, drab gray, impure, clastic texture................. 00. cece eee ee ees 
S:, SRCeGRRe, TAMRON SRN, GOREN, os. 6550.6 5s otis caaseand cc sanadaammertaeda 
4. Conglomerate, gray, contains small pebbles of limestone, dolomite, and chert; 
TTA 35045: Fea 4, Saou scare dbs Sipe cskin BR ICIS oa esa Ee ea ETRE IGIO 
3. Calcilutite, dove gray; contains curly buff partings of buff argillaceous limestone; a 
PUI I 6 6505s 5d. Nisley, tosh SATS. 4 Rial la etre ares oper eNee eG aa ecy bom 5rs 
2. Tanaettiine, deck qeay; evened... wisi Secs Re ladiict Vk sees ose 
1. Conglomerate, contains pebbles of dolomite, limestone, and chert............... 
Beekmantown dolomite 


Geologic section 43.—Middle Ordovician limestone, 0.5 mile south of Dunkard Church and 6.9 miles 


S. 80° W. of Natural Bridge, Rockbridge County 


Thickness 


Martinsburg formation 
Collierstown limestone 

12. Limestone, light gray, medium- to coarse-grained, calcarenitic; thin intercalations of 
siltstone, buff shale, and metabentonite; contains Zygospira, Doleroides, Rafines- 
quina, gastropods, and poorly preserved rhynchonellids...................... 
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Thickness 
Feet 
Edinburg formation (5564 feet) 

11. Limestone, black, slabby to blocky (Liberty Hall facies)....................... 83 
10. Limestone, dark gray, slabby, contains Cyclospira (Liberty Hall facies). . 21 

9. Limestone, cobbly, buff gray (Lantz Mills facies); contains large dinorthid close to 
SIN. on. ak, 5 ks ARR OO SEN KD sind Che wPalen, a tatea eects 28 

8. Limestone, black, cherty (Liberty Hall facies); contains Sowerbyella and Echino- 
I III 5 hy das an Oss ARK ddan bans Sepa ateaeaee 54 

7. Limestone, slabby, dark gray to black; contains thin shaly partings (Liberty Hall 
facies); contains Echinosphaerites near the base.....................22000- 83 

6. Limestone, thin-bedded, shaly (Liberty Hall facies); Echinos phaerites near the base 
RE ER OM pee ST ye ee Cee eT 107 
5. Shale, black, contains graptolites (Liberty Hall facies).....................0.4. 30 
4. Limestone, black, slabby (Liberty Hall facies)................... 00 cece eee euee 30 


3. Botetourt limestone member (type section) 
c. Shale and limestone, deeply weathered to spongy residue; Resserella cf. R. 


ee ee ho igs cs ck de pid Bales baa eee wee 64 
b. Limestone, rusty brown, coarse-grained, contains a small species of Oxoplecia, 
a leptaenoid, and Bronteopsis gregaria....... 2... 0.0 ccc ccc cece cece eee 183 


a. Limestone, nodular, argillaceous, with thin partings of coarse-grained rusty- 
brown limestone; contains Resserella, Bronteopsis, Echinosphaerites auran- 
tium (very abundant), Receptaculites sp., a large Orthambonites, Multi- 
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Lincolnshire and Whistle Creek limestones (250 feet) 
2. Limestone, dark bluish gray, nodular, cherty; contains many Sowerbyites and 
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New Market limestone (20 feet) 
1. Calcilutite, dove gray, rather thin-bedded..................... cece eeeeeeeees 20 


Beekmantown dolomite 
SUMMARY OF CONCLUSIONS 


Need for reclassification of the lower Middle Ordovician of the Shenandoah Valley 
is summarized as follows; 

(1) Beds identified as Stones River in the northern Appalachian Valley are older 
than the Stones River of central Tennessee. 

(2) The Stones River of southern Pennsylvania is possibly all younger than the 
New York Chazy. 

(3) Most of Giles’ Stones River limestone in Frederick County, including the 
600 feet of “Murfreesboro” and 150 feet of ‘“Ridley-Pierce,” is Beekmantown dolo- 
mite. 

(4) The upper 150 feet of a 358-foot succession of dove-gray calcilutite, 2 miles 
southwest of Marion, Franklin County, Pennsylvania, was originally placed in the 
Chambersburg and. identified as a Lowville equivalent. The supposed Lowville 
beds are faunally and lithogenically related to the underlying 200 feet of calcilutite, 
which Stose and Ulrich made the upper division of the Stones River limestone. 
These arbitrary formation identifications have led to considerable confusion regarding 
the relative ages of the Stones River and Black River groups in the Appalachian 
region. 

(5) Stose’s Lowville beds at the base of the type Chambersburg do not correspond 
to the Cryptophragmus-bearing limestones identified as Lowville at Fort Loudon, 
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Dickey, and at a point 2 miles south of St. Thomas, Pennsylvania. The Crypio- 
phragmus-bearing beds at these localities overlie the beds containing Caryocystites, 
whereas, in the type section of the Chambersburg, the so-called Lowville beds occur 
more than 300 feet below the horizon of Caryocystites. 

(6) Confusion as to the age of the Chambersburg has arisen from identification 
of underlying beds as “Stones River” and “‘Lowville.” Although the fossils in the 
358-foot succession of calcilutite below the Chambersburg are definitely no older than 
Black River, they are not necessarily of Lowville age, as formerly supposed. Indeed, 
the “Lowville” of the Marion section is not the same as the much younger faunal 
zone, characterized by relatively abundant Cryptophragmus, which has been identified 
by Butts and others as Lowville in northwestern and southwestern Virginia. 

(7) Butts’ Mosheim of the Shenandoah Valley probably corresponds to the rela- 
tively thin calcilutite at the base of the “Stones River” limestone, 2 miles southwest 
of Marion, Pennsylvania. Precise equivalency of the Shenandoah Valley Mosheim 
to the type Mosheim of Tennessee has never been demonstrated. Near Staunton, 
Virginia, Butts’ Mosheim is underlain by a clastic limestone containing Rostricellula 
pristina, a characteristic Chazy rhynchonellid found near the base of the type 
Lenoir of Tennessee. 

(8) Butts’ Lenoir in northern Virginia is apparently not represented in the Lenoir 
of the type locality. The Dinorthis atavoides zone occurs considerably above the 
beds with bona fide Lenoir fossils in the southern parts of the Appalachian Valley of 
Virginia. 

(9) Coarse-grained limestones, representing a clastic facies of the typically 
cherty dark-gray Dinorthis atavoides zone, have been misinterpreted as younger 
than the “Lenoir” and misidentified as Holston. 

(10) The lower Echinosphaerites and Nidulites zones are laterally continuous 
with a much thicker body of black limestone and shale, identified by Butts as Whites- 
burg and Athens. 

(11) The typical “Athens” of northern Virginia is a megafacies of the lower Middle 
Ordovician succession. It ranges downward to the top of the Dinorthis atawides 
zone and possibly as high as the base of the Reuschella “edsoni” zone. The “Cham- 
bersburg”’ limestone, as developed near Lantz Mills, Shenandoah County, comprises 
another facies. Alternations and lithologic gradations of these two contrasting 
and equivalent facies are well shown in many sections which have been identified 
as “typical Chambersburg.” 

(12) Equivalency of much of the Chambersburg of northern Virginia to the 
“Whitesburg-Athens” is further indicated by fossils. 

(13) It has been assumed, though apparently without justification, that the 
entire “Athens” of northern Virginia contains the Nemagraptus gracilis fauna. 
Where extended search for Nemagrapius in the upper “Athens” has been made in 
northern Virginia, the genus has not been found. Probably the upper “Athens” 
includes representatives of the upper, post-Nemagraptus zone of the Normanskill, 
which contains graptolites occurring also in rocks of Chambersburg age. 

(14) Cryptophragmus antiquatus, long considered a valid guide fossil of the Low- 
ville and Pamelia, occurs not only in the lower Echinosphaerites and Nidulites zones 
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(both overlying beds with Tetradium cellulosum) but more abundantly in younger 
beds. The commonly accepted definition of the Chambersburg is that it is younger 
than the Cryptophragmus-bearing “Lowville” limestone of the Appalachian Valley, 

(15) The Athens in Virginia, previously regarded as Chazyan, is laterally con. 
tinuous with beds containing a post-Chazy fauna. Since the Virginia Athens lacks 
a Chazy fauna, it is reasonable to suppose that it also is post-Chazyan. 

(16) The Normanskill shale of New York, faunally and lithologically related 
to the Virginia Athens, is also probably post-Chazyan, as was originally believed 
by Ruedemann. The sole basis for placing the Athens-Normanskill in the Chazy was 
that the Virginia Athens occurs below a Cryptophragmus-bearing limestone supposed 
to be Lowville. Probably the Cryptophragmus-bearing zone near the top of the 


Virginia Chambersburg is at about the same horizon as the so-called Lowville of | 


southwestern Virginia. 

(17) Through fossils, the “Chambersburg” beds below the ‘Christiania beds” 
are linked with Butts’ Whitesburg-Athens-Ottosee-Lowville succession in parts of 
southwestern Virginia. 

(18) The true relationships of the “Athens” and “Whitesburg” to the ‘‘Chambers- 
burg” in northern Virginia have been previously misunderstood, largely because 
the facies concept was not adequately considered. The “Athens” is clearly a litho 
genic unit transcending faunal or time boundaries. Intertonguing of the two ob- 
served facies has been misinterpreted as the unconformable overlapping of one time- 
stratigraphic unit by another. 

(19) A false geologic history of shifting seas and repeated interruptions of marine 
sedimentation in the Appalachian trough of Middle Ordovician time has been read 
from previous classifications and correlations. According to the stratigraphic 
interpretations of the writers, marine deposition in the Appalachian trough was 
essentially continuous in Middle Ordovician time, although the boundaries of various 
marine environments shifted from time to time. 

Most of the stratigraphic names previously used for parts of the lower Middle 
Ordovician of the Shenandoah Valley have been employed without proper justifica- 
tion, and their use should be abandoned. It is therefore proposed to reclassify the 
beds above the Beekmantown and below the Martinsburg into the following ascend- 
ing divisions: 

NEw MarkKET LiwesTONE: Includes the body of dove-gray calcilutite succeed- 
ing the Beekmantown formation and occurring below dark-gray cherty limestones 
containing either the Hesperorthis fauna or Dinorthis atavoides and its associates; 
the lowest beds may be equivalent to the lower part of the type Lenoir: correlates 
with the red dolomitic mudrocks and ash-gray shales of the Blackford formation in 
southwestern Virginia. 

WHISTLE CREEK LIMESTONE: Includes the zone herein described as the Hes- 
perorthis beds, which occur in the southern part of the Shenandoah Valley, par- 
ticularly, southeast of Staunton; overlies the New Market and underlies either 
Murat calcarenites or cherty Lincolnshire limestone with Dinorthis atavoides. 

LINCOLNSHIRE LimESTONE: Includes the cherty beds with Dinorthis atavoides and 
Sowerbyiies triseptatus and the associated intercalations of calcarenite (Murat cal- 
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carenite facies); overlies the Whistle Creek beds in the Lexington-Staunton area; but 
directly overlies the New Market limestone in middle and northern portions of the 
Shenandoah Valley. 

EDINBURG ForMATION: Chiefly limestone, but includes beds of variable lithology 
formerly classed as Chambersburg, Whitesburg, and Athens, in the northern part 
of the Appalachian Valley of Virginia. Two distinct facies are recognizable: a 
thick body of black limestone and black shale—Liberty Hall facies—, mainly de- 
veloped in the southern part of the Shenandoah Valley, but tongues of which extend 
as far north as southern Pennsylvania; the other facies is buff-weathering cobbly 
limestone—Laniz Mills facies—, tongues of which extend southward, possibly as far 
as James River. The characteristically rusty-brown granular beds with trilobites, 
occurring below Butts’ Athens, are named the Botetourt limestone member of the 
Edinburg formation. The distinctive light-gray limestone (calcilutite and cal- 
carenite) above the Nidulites-Lambeophyllum zone, between Forestville and Saums- 
ville, Shenandoah County, is named the St. Luke limestone member. 

ORANDA FORMATION: Composed of 50 feet or less of argillaceous limestone, buff 
metabentonitic clay, and brown siltstone containing the characteristic Reuschella 
“edsoni” fauna; succeeded by the Sinuites beds of the Martinsburg formation. It 
is widespread on the west side of the Massanutten synciine, at least as far south 
as Harrisonburg, and possibly extends southward as far as the latitude of Staunton. 
The age, as established by fossils, is middle Trenton. The Oranda probably cor- 
responds in a general way to the Kimmswick limestone of the Mississippi Valley. 

COLLIERSTOWN LimesTONE: Includes the 50 to 75 feet of calcarenite and inter- 
calated impure limestone and shale which succeeds the Edinburg formation in the 
extreme southwestern part of the Shenandoah Valley and in the James River dis- 
trict; contains Zygospira, Doleroides, Rafinesquina s.s.,and Parastrophina. Relations 
to the Oranda formation are unknown; the Collierstown is confined to areas beyond 
the southern limits of the Oranda. Fossils signify Trenton age, but the formation 
may be younger or older than the Oranda, or possibly equivalent to that division 
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PLaTE 2.—MIDDLE ORDOVICIAN FOSSILS 


Figure 

1-2. Cryptophragmus antiquatus Raymond. (1) Large specimen, X1, U. S. N. M. 111804, 
found with Nidulites pyriformis in the Edinburg formation near Lantz Mills, Shenandoah 
County (Geologic section 12); (2) specimen 1, U. S. N. M. 111805, found loose but essen- 
tially in place between beds with Echinosphaerites and a siltstone containing Resserella, 


E:aburg formation (Geologic section 17). 

. Nidulites pyriformis Bassler. (3) X1, U. S. N. M. 111789. From cobbly beds just above 
the lower Echinosphaerites zone of the Chambersburg limestone (Geologic section 8, unit 
5), along U. S. Route 40, about 7 miles west of Hagerstown, Maryland. (4) Same, X1, 
U.S. N. M. 111806, From Ward Cove limestone at intersection of State Highways 100 and 
42, Staffordsville, Giles County, Virginia; also very common in the Ward Cove in eastern 
Russell and Tazewell counties. 

. Tetradium syringoporoides Ulrich, X1, U. S. N. M. 97378, Dryden, Lee County, Virginia. 

. Lambeophyllum sp., X1, U. S. N. M. 111801. Abundant in Nidulites beds of the Edinburg 
formation; specimen illustrated is from the top division of this formation near Toms 
Brook, Virginia. 

Multicostella bursa (Raymond), X1, U. S..N. M. 110372a, b. Common in Whitesburg and 
“Athens” at the Grayson farm, 4 miles southwest of Bland, Bland County, Virginia; also 
occurs in the lower Edinburg in northern Virginia (Geologic section 40). 

. Dinorthis atavoides Willard, X1, U. S. N. M. 110283a. Characteristic of the Lincolnshire 
limestone in Virginia and Tennessee; specimen illustrated is from half a mile northwest of 
Eidson, Tennessee. 

Dinorthis transversa Willard, (10) specimen, X1, U. S. N. M. 111799, ventral view of an im- 

rfect specimen from lower Echinosphaerites zone (unit 2, geologic section 8), along U. S. 

oute 40, about 7 miles west of Hagerstown, Maryland; (11) perfect specimen, X1, U. S. 
N. M. 111800, from lower part of the Benbolt formation, Mt. Hagan School, Hilton quad- 
rangle (TVA), Scott County, Virginia. Found sparingly in the “Athens” 0.25 mile south 
of eohed Church and 6.9 miles S. 80° W. of Natural Bridge, Botetourt County, Vir- 
ginia (Geologic section 40). 

Lingula nympha Raymond (not Billings). Common in the Athens in railway cut at Otes, 
Tennessee; occurs in beds identified by Butts as Athens at Riverton, Warren County, 
Virginia; (12), X1, U.S. N. M. 109287c; and (13) from 300 feet west of Route 3, three 
fourths of a mile northeast of Ninevah, Virginia, X1, U. S. N. M. 109293. 

Resserella cf. R. rogata (Sardeson), X1, U. S. N. M. 111794 (14) specimen, X2, U. S. N. M. 
111794, from Athens limestone, Sharon Springs, Bland County; and (15) X2, U.S. N.M, 
111795, from lower cobbly beds (Lantz Mills facies) of the Edin burg formation, a quarter 
of a mile east of Strasburg Junction (Geologic section 19), Shenandoah County. 

Rostricellula pristina (Raymond) (16) X1, U. S. N. M. 111793a, from basal calcarenite in the 
New Market limestone; northeast of Staunton (Geologic section 33), Augusta County; 
(17), X1, U. S. N. M. 111520b, from base of type Leah eaten Lenoir City, Tennessee. 
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PiaTteE 3—MIDDLE ORDOVICIAN FOSSILS 

Figure 

1-2. Bronteopsis gregaria Raymond. Common in Whitesburg and Athens limestone. (1) Im- 
perfect cranidium, X2, U.S. N. M. 72527a; (2) pygidium, X2, U. S. N. M. 72527b, Reser- 
voir Hill, Lexington, Virginia. 

3-6. Arthrorhachis elspetht Raymond. (3-4) head, U. S. N. M. 111782b, and tail, X3, U.S. N. M. 
111782a, from bed containing Cyrtonotella in the lower Echinosphaerites beds of the Edin- 
burg formation (Geologic section 19, unit 18), a quarter of a mile east of Strasburg Junc- 
tion, Shenandoah County. This fossil is one of the characteristic species in Butts’ Whites- 
burg limestone; (5-6) same, from Nidulites beds of the Edinburg formation, along U. S. 
a 11, about 1 mile north of Strasburg, Shenandoah County, 3, specimens unnum- 
bered. 

7-8. Ceraurus pleurexanthemus Green. (7) From Nidulites beds of the Edinburg formation, 
along U. S. Route 11, about 1 mile north of Strasburg, X2, U. S. N. M. 111783; (8) from 
bed with Cyrtonotella (Geologic section 19, unit 18), at base of Edinburg formation, a quar- 
ter of a mile east of Strasburg Junction, X2, U. S. N. M. 111784. 

9-10. Dionide holdent Raymond. (9) Large pygidium from granular limestone of lower Echino- 
sphaerites beds of the Edinburg formation, 3} miles south of Wadesville, Clarke County, 
Virginia, X1, U. S. N. M. 111785; (10) nearly complete specimen from the “Athens” 
shale, old limestone quarry 24 miles southeast of Saltville, Virginia, X1, U. S. N. M. 111786. 

11-12. Ampyxina scarabeus Butts. Genus occurs throughout the “Chambersburg” and “Athens” 
formations. (11) from “Whitesburg” limestone, 4 miles south of Bland, Virginia, <3, 
U.S. N. M. 72139; (12) complete specimen from Athens, State Route 114, 4-5 miles south- 
west of Catawba Sanatorium, Roanoke Co., X3, U. S. N. M. 97434b. 

13-15. Corineorthis sp. (13) Large species common in the lower cobbly beds of the Edinburg for- 
mation, half a mile north of Glendale School, Winchester quadrangle, Virginia <1, U. S. 
N. M. 111787; (14-15) dorsal view and dorsal interior of another species, “Whitesburg” 
limestone, Porterfield Quarry, 5 miles east of Saltville, Virginia, X2, U. S. N. M. 111802. 
This genus has been collected from the type Chambersburg (Echinosphaerites zone) and 
from Butts’ Chambersburg, Whitesburg, and Athens in Virginia. 

16-18. Oxoplecia cf. O. simulatrix (Bassler). (16) From lower part of the Benbolt formation 14 
miles south of Hansonville, Russell County, Virginia, X1, U. S. N. M. 111990; (17) from 
lower Echinosphaerites beds of the Edinburg, half a mile east of Strasburg Junction, <1, 

U. S. N. M. 111792; (18) from “Athens” limestone, 1.5 miles S. 15° W. of Sharon Springs, 
Bland County, Virginia, X1, U. S. N. M. 111791. 
19-20. C ella sp. (19) from lower part of Benbolt formation, half a mile east of Cedar Point 
ool, Russell County, Hilton quadrangle (TVA) X1, U. S. N. M. 111803; (20) abundant 
in lower Echinosphaerites zone of the Edinburg formation, a quarter of a mile east of Stras- 
burg Junction, X1, U. S. N. M. 109860a. 

21-23. Sowerbyites triseptatus (Willard). A characteristic fossil of the Lincolnshire limestone of 
Virginia and Tennessee. (23) exterior, X2, Marcem Quarry, 2 miles W. of Gate City, 
Virginia, U. S. N. M. 111797a; (22) dorsal interior, X2, showing strong medium septum; 
(21) exterior, X1, showing exterior lamellae, both from Lincolnshire limestone in Clinch 
Valley at Shiloh Church, Pressmans Home Quadrangle, Tennessee, U. S. N. M. 111796a. 

24-25. Ptychoglyptus virginiensis Willard. (24) Fine specimen from “Athens” limestone (Liberty 
Hall facies of the Edinburg formation) (Geologic section 24, unit 6), 6 miles east of Harrison- 
burg, X2, U. S. N. M. 98231; (25) from Cyrtonotella bed near base of the Edinburg forma- 
tion, a quarter of a mile east of Strasburg Junction, X2, U. S. N. M. 111052. 

26-28. Eoplectodonia alternata (Butts). (26) Ventral exterior, X1, U. S. N. M. 79419a, Oranda 
formation, half a mile west of Strasburg, Virginia; (27) Ventral interior, X1, U.S. N. M. 
110993a; (28) dorsal interior, X3, U. S. N. M. 110993b, showing hinge denticles. Charac- 
teristic of the Oranda formation, both from 0.5 mile west of Linville Station, Rockingham 
County, Virginia. 

29-32. Bimuria lamellosa (Bassler). (29, 30) Dorsal interior and dorsal hinge views, X2, U. S N. 
M. 110948a; (31) dorsal view, X2; (32) same, X1, U. S. N. M. 66168a. Oranda forma- 
tion 0.5 mile west of Strasburg, Virginia. This is the species for which the “Christiania” 
bed of the Chambersburg was named. Bimuria differs from Christiania in having two, 
instead of four, long — in the dorsal interior, in having a simple cardinal process, and a 
hinge width comparable to the length of the shell. 

33-34, Reuschella “‘edsoni” Bassler. (33) ventral exterior, X1, U. S. N. M. 110840b; (34) impres- 

sion of dorsal interior, X1, U. S. N. M. 110840i; Oranda formation, 0.5 mile northwest 

of Linville Station, Rockingham County. 
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ABSTRACT 


The volcanic rocks of Haleakala Volcano comprise, from oldest to youngest, the 
Honomanu, Kula, and Hana volcanic series. ‘The Honomanu volcanic series consists 
largely of olivine basalt, with less abundant basalt and picrite-basalt containing large 
phenocrysts of olivine. In the Kula and Hana volcanic series there are some basalts 
and olivine basalts, but the characteristic rocks are andesites and picrite-basalt con- 
taining abundant phenocrysts of augite as well as olivine. New chemical analyses of 
six specimens of. Kula lavas are given. Five are andesites, and one a picrite-basalt. 
Each of the six rocks is described in detail. A variation diagram for Haleakala rocks 
illustrates the alkalic character of the series. 


INTRODUCTION 


The purpose of this paper is to make available to petrologists six new chemical 
analyses and petrographic descriptions of rocks of Haleakala Volcano, Hawaii. To 
make clear the position of the analyzed rocks in the eruptive sequence of the vol- 
cano, the general geology and petrography of the mountain are briefly reviewed. 

The analyses were made possible by a grant from the Penrose Bequest of The Geo- 
logical Society of America to the Committee on Hawaiian Petrology, consisting of 
C. K. Wentworth, W. O. Clark, H. S. Palmer, H. A. Powers, and Horace Winchell. 
The specimens were collected and prepared for analysis in 1940 by Powers, who also 
made brief preliminary petrographic examinations. Since the completed analyses 
were received, in 1942, Powers has, however, been too fully occupied with military 
duties to do any further work on the project, and a recent change of station makes it 
unlikely that he would be able to do any for some time. For that reason, in October 
1944 the Committee requested Macdonald to complete the study of the rocks and 
. Prepare a report for publication. 
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The rocks have been studied principally in thin section. Statements of size of 
optic axial angles are estimates based on the appearance of optic-axis or acute-bisec- 
trix interference figures. Feldspar compositions are based partly on extinction-angle 
methods but principally on the refractive index determined by immersion methods. 
The refractive indices are probably accurate within .003. 










GEOLOGIC SETTING 


Haleakala Volcano forms the eastern part of the island of Maui, in the Hawaiian 
Islands. The visible rocks of the volcano are largely lavas; pyroclastic and intrusive 
rocks form only a very small proportion. The lavas range in composition from 
picrite-basalt to oligoclase andesite. They have been divided into three main groups 
(Stearns and Macdonald, 1942, p. 61-107). The oldest constitute the Honomanu 
volcanic series and consist very largely of olivine basalt, with smaller amounts of 
basalt (containing less then 5 per cent olivine) and picrite-basalt rich in phenocrysts of 
olivine. The Honomanu lavas closely resemble those of Kilauea and Mauna Loa 
volcanoes on the island of Hawaii, and the early lavas of other Hawaiian volcanoes 
(Powers, 1935, p. 62). In the uppermost part of the Honomanu volcanic series, near 
Nahiku (Stearns and Macdonald, 1942, p. 233-234), there appear olivine basalts 
transitional toward picrite-basalts, which contain numerous phenocrysts of augite. 

The Honomanu volcanic series is in places separated from the overlying Kula vol- 
canic series by a thin bed of red tuffaceous soil, but elsewhere they grade into each 
other. There is no real break between the two, and their separation is based prin- 
cipally on petrographic differences. The lavas of the Kula volcanic series include 
olivine basalt, basalt, picrite-basalt, and andesite. The most characteristic rock type 
is the andesite, which forms thick massive flows contrasting markedly with the typi- 
cally thin-bedded flows of the Honomanu volcanic series. The predominant feldspar 
of most of the andesites is andesine, but in a few it is oligoclase. Most of the andesites 
are basaltic both in their habit and in the abundance of mafic minerals. The picrite- 
basalts contain numerous phenocrysts of both olivine and augite, generally in roughly 
equal abundance. 

The Kula volcanics are locally separated from the later Hana volcanic series by a 
profound erosional unconformity (Stearns and Macdonald, 1942, p. 89). A great 
decrease of volcanism permitted the cutting by streams of huge valleys, several thou- 
sand feet deep, into the Kula and Honomanu volcanics. It appears unlikely, how- 
ever, that volcanism entirely ceased, and the unconformity probably does not 
represent precisely the same age horizon at all places on the mountain. The Hana 
volcanic series includes the same general types of lava as the Kula volcanic series, but 
olivine basalt is-relatively more abundant, and no andesites have been found which 
are as salic as some of those among the Kula lavas. 

In the walls of the great depression which occupies the summit region of the moun- 
| tain, commonly known as Haleakala Crater, lavas of the Kula volcanic series are 
extensively exposed. The floor of the depression has been buried by lavas and cinder 
cones of the Hana volcanic series, which also cover part of the walls. 

Only one eruption of Haleakala Volcano has occurred within the range of native 
tradition. That took place low on the southwest rift zone, about 1750 (Fig. 1). One_ 
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flow issued from a fissure at 1200 feet altitude, and another at Kaluaolapa Crater, at 
575 feet altitude. The lava is a picrite-basalt, containing numerous phenocrysts of 
olivine and augite. A specimen collected by Sidney Powers (1920, p. 265) and 
analyzed by Washington and Keyes (1928, p. 213-215), has been shown almost cer- 
tainly to have come from the historic flow from Kaluaolapa Crater (Macdonald, 
1942a, p. 302). 


DESCRIPTION OF ANALYZED SPECIMENS 


All the lavas of which new analyses are presented belong to the Kula volcanic series. 

Four of them were collected at or near the western rim of Haleakala Crater, and the 
other two on the western flank of the mountain (Fig. 1). Extensive search by Powers 
yielded no samples of Honomanu lavas fresh enough for analysis. 

SPECIMEN 1: The rock is a picrite-basalt very rich in large phenocrysts of olivine 
and augite. The specimen was collected at the lowest point of the east-facing cliff, 
at 9500 feet altitude, 0.3 mile north of Pakaoa Hill at the southwestern corner of 
Haleakala Crater. The flow is that which supplied the augite crystals analyzed by 
Washington and Merwin (1922). 

The rock is a dark-gray aa, containing numerous phenocrysts of brownish-green 
olivine and black augite up to 1 cm. long. A microscopic analysis by the Rosiwal 
method shows that the augite phenocrysts make up 21 per cent, and the olivine pheno- 
crysts 20.5 per cent of the rock by volume. Rare phenocrysts of bytownite also are 
present. The composition and properties of the augite were determined by Wash- 
ington and Merwin (1922). The properties, as stated by them, are: 2V = 61°-62°, 
2V for blue = 58°-60°; Z A c = 47°-48° for red, 49° for blue; a = 1.700, 8 = 1.706, y= 
1.724; density = 3.358. Many grains show a narrow outer zone in which the extinc- 
tion angle is less than in the core, and the 2V decreases to about 35°. The olivine 
phenocrysts have an optic axial angle close to 90°, and 8 = 1.699. Many are slightly 
altered ‘around the edges to iddingsite. Most of the olivine and augite phenocrysts 
are rounded by magmatic resorption. One partly resorbed phenocryst of magnetite 
1 mm. across was observed. | Small grains of magnetite are enclosed in the olivine 
phenocrysts, and both magnetite and olivine are enclosed in the augite phenocrysts. 

The groundmass is intersertal to intergranular, with an average grain size of about 
0.03'mm. It is too fine-grained and confused to permit accurate determinations of 
mineral proportions by the Rosiwal method, but the estimated proportions (per cent) 
are: plagioclase 25, monoclinic pyroxene 18, olivine 5, iron ore 9, glass 1, apatite < 1. 
The-plagioclase is principally medium labradorite, with a few interstitial grains of 
oligoclase. The oligoclase appears to have a small optic axial angle and is probably 
potassic (Macdonald, 1942b). The pyroxene is pigeonite, with a small positive optic 
axial angle. Only a few grains are large enough to yield good optic figures, but in 
most of these the 2V is near 0°. The iron ores are largely or entirely magnetite. 
(See Table 1 for chemical analyses.) 

SPECIMEN 2: The rock is an andesite, with a decidedly basaltic aspect. The speci- 
men was collected from a road cut at 8900 feet altitude, about 0.3 mile north of the 
Summit Rest House. The lava is dark gray and dense, with a few phenocrysts of 
olivine and augite and a very few of feldspar, up to 5 mm. long. Phenocrysts of all 
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TABLE 1.—Chemical analyses of rocks from Haleakala Volcano 























1 2 3 4 5 6 7 
| SSREE NS Aer pt Pct ean ee” 42.30 | 46.90 | 46.94 | 47.64 | 47.78 | 54.14 | 47.70 
I 2a sci ssa Beles oak hope 10.52 | 16.60 | 16.54 | 17.62 | 16.32 17.82 6.82 
Dk sistern Soghidasicc sauce 4.22 4.37 5.31 5.62 4.37 3.90 3.36 
Dea a8 Scale psi atc ola eis the 9.70 7.16 7.16 5.48 8.43 5.34 4.43 
OA eer 14.90 4.35 4.33 4.19 5.06 1.88 | 13.34 
SE Si are ayes Pt 12.08 8.50 8.34 7.90 7.58 4.94 | 21.35 
OR ee ree 1.56 4.51 4.27 4.72 4.18 6.24 0.65 
rics dtnanip Dn panerciods este tiara 0.42 2.38 1.49 1.60 1.30 2.72 0.03 
a ichiou ca hERC KAAS E 2.41 3.92 4.05 3.44 4.11 1.81 1.89 
BS 5 i evdha teal nye ale die eeie 0.06 0.07 0.07 0.08 0.08 0.08 0.16 
ER ge eet ee BF SEY none none none none none none —_ 
ES Serene pera e none none none none none none _ 
ERE Deemer ae ey 2 0.87 0.20 0.46 0.45 0.37 0.24 0.15 
REINS GR eee eee pene - 0.45 0.04 0.05 0.09 0.06 0.03 _ 
SR cea ee none none none none none none — 
sos Dh casa te Sleragann boa 0.33 0.79 0.71 0.87 0.61 0.61 _ 
BS hice ves ean dvalaice sacar none 0.02 0.03 0.03 0.02 0.04 _ 
ARERR a ier Ae re ae 0.11 none none none none none 0.23 
Total...... piithabe sa sees 99.93 | 99.81 | 99.75 | 99.73 |100.27 | 99.79 |100.11 
Norms 
ed papal eee Bid epee, 2.22 13.90 8.90 9.45 7.78 | 16.12 — 
EERE PW ta Ai Re Ete T 7.34 | 25.15 | 32.49 | 34.06 | 35.11 | 46.11 —_ 
TA «5 ss bie ee SURES Ses 20.57 | 18.07 | 21.41 | 25.85 | 21.68 | 12.51 — 
ND sicieckai eter bas woh eis 3.12 7.10 1.99 3.12 0.28 3.69 — 
ERE Sere 15.66 t.d¢ 6.50 3.25 $.22 3.48 _ 
esas oly, Gratin at Sc orate 11.10 5.60 4.90 2.80 3.50 1.90 — 
RE race ac tia tw aerate eet 3:37 1.45 0.92 — 1.32 1.45 _ 
Mi cohacdes Mee oreekewen 18.27 3.64 4.13 5.39 6.37 1.96 _ 
Ren Seen aac ee ne 5.61 1.22 1.02 — 2.86 1.63 _ 
EE pee eee er a 6.03 6.50 7.66 7.66 6.50 5.57 _ 
Ee ner ee re 4.56 7.45 7.60 6.54 1.40 3.50 — 
ice whe, bun-o caer toi a eae 0.67 2.02 1.68 2.02 1.34 1.34 — 
ee bdo ie letaine spe Bed Ateneo — a 0.32 — _— — 


























1. Picrite-basalt, from the lowest point of the east-facing cliff, at 9500 feet altitude, 0.3 mile north of Pakaoa Hill’ 
F. A. Gonyer, analyst. 
2. Andesite, from road cut at 8900 feet altitude, 0.3 mile north of the Summit Rest House. F. A. Gonyer, ana- 


3. Andesite, from County quarry, on the bank of Kalialinui Gulch half a mile west of Puu Pane. F. A. Gonyer 


4. Andesite, from 6-foot dike in face of Kalahaku cliff, 0.45 mile N. 80° E. of Kilohana triangulation station. F. 
A. Goyner, analyst. 

5 Andesite, from Hawaiian Commercial and Sugar Co. quarry near the road from Kahului to the summit of Ha- 
leakala, 3.6 miles southeast of Kahului. F. A. Gonyer, analyst. 

6. Oligoclase andesite, from the western rim of Haleakala Crater, 0.6 mile northwest of the Summit Rest House. 
F. A. Gonyer, analyst. 

7. Augite, phenocrysts from same flow as specimen 1. H. S. Washington, analyst. 


three types are partly resorbed. Those of olivine have 2V close to 90°, and B = 
1696. Those of augite have +2V = 60°, strong inclined dispersion, and 8 = 1.717. 
The plagioclase phenocrysts are zoned from sodic bytownite in the center to sodic 
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labradorite on the margins. Microphenocrysts of magnetite up to 0.15 mm. across 
also are present. 

The groundmass is intergranular, with an average grain size of about 0.02 mm, 
The groundmass feldspar consists partly of subhedral laths of sodic labradorite, and 
partly of anhedral andesine, the latter being the more abundant. Much of the an- 
desine has a small +2V and is probably potassic. This supposition is strengthened 
by the large amount of orthoclase in the norm, which cannot otherwise be identified 
in the mode. The iron ore is largely magnetite but probably includes some ilmenite, 
The pyroxene grains are too small to yield useful interference figures. The extremely 
fine granularity and partial overlapping of grains in the groundmass makes impossible 
any accurate determination of the proportions of the various minerals, and distine- 
tions between microphenocrysts and groundmass are arbitrary. However, the ap- 
proximate proportions are as follows: 


Per Per 

cent cent 

Phenocrysts olivine SOE ER ae 5 plagioclase baw issoaiagsiv es a 45 
par ner rns 1 monoclinic pyroxene.......... 26 
siihieetiacienains ERTL TET S § Groundmass {olivine...............5...000mm 
P ” I  ssacisi5. diosa wes Gene 2 Serre 
Re Pere 1 


SPECIMEN 3: The rock is an andesine andesite, collected at the County quarry on 
the lower Kula road on the bank of Kalialinui Gulch, half a mile west of Puu Pane. 
It is medium gray and dense, with rare phenocrysts of feldspar up to 1 cm. long and of 
olivine up to 1.5 mm. long. The phenocrysts, and microphenocrysts of monoclinic 
pyroxene up to 0.6 mm. long, grade into the groundmass. The feldspar phenocrysts 
are zoned from labradorite-andesine in the center to sodic andesine on the margins. 
The pyroxene is pale purplish-brown pigeonitic augite (Macdonald, 1944), with a 
+2V of about 45°, moderately strong inclined dispersion, and poorly developed hour- 
glass structure. It is probably titaniferous. 

The groundmass is intergranular to intersertal, with an average grain size of about 
0.04 mm. It is composed of plagioclase, pigeonite, olivine, iron ore, minute grains 
of apatite, a little pale-brown interstitial glass, and locally a little interstitial chloritic 
material. The plagioclase has the refractive index of sodic andesine (8 = 1.551), 
but many grains have a smal] +2V and are probably potassic. The iron ore is largely 
or entirely magnetite. 

The estimated composition (per cent) of the rock, including phenocrysts, is: pla- 
gioclase 60, pyroxene 21, olivine 2, iron ore 15, apatite 1, glass < 1, chlorite < 1. 

SPECIMEN 4: The specimen was collected from a 6-foot dike at the top of a prom- 
inent knob on the face of the Kalahaku cliff, at 8900 feet altitude, 0.45 mile N. 80° E. 
of the Kilohana triangulation station. The rock is an andesite. It is medium gray 
and nonporphyritic, with a few vesicles less than 1 mm. across. The texture is inter- 
granular, and the average grain size is about 0.2mm. The volumetric percentages of 
the constituent minerals, determined by the Rosiwal method, are: plagioclase 74.1, 
pyroxene 11.1, olivine 3.9, iron ore 8.0, biotite 1.1, and apatite 1.8. Micro- 
phenocrysts of plagioclase, up to 1 mm. long, are zoned from labradorite-andesine in 
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the center to calcic oligoclase on the margins. The groundmass feldspar ranges from 
medium andesine to medium oligoclase. The latter has a +2V of about 40° and is 
probably potassic. The average composition of the plagioclase is probably sodic an- 
desine. The olivine is slightly altered to iddingsite around the edges and along frac- 
tures. The pyroxene is augite, with +2V = 50°+, and weak dispersion. The iron 
ore is largely, if not entirely, magnetite. Apatite forms unusually large prismatic 
crystals, some of which are as much as 1 mm. long and 0.1 mm. wide. The biotite is 
strongly pleochroic, with X = very pale yellow, Z = deep reddish-brown, —2V = 
20°+, and r < vdistinct. A few grains of biotite are subhedral, but most are an- 
. hedral, molded around the other minerals. As in other Hawaiian lavas (Macdonald, 
1940, p. 68), it obviously formed very late in the period of crystallization of the rock. 

SPECIMEN 5: The specimen was collected from the quarry of the Hawaiian Com- 
mercial and Sugar Co., near the road from Kahului to the summit of Haleakala, at 
about 250 feet altitude, 3.6 miles southeast of Kahului. The rock isan andesite. It 
ismedium gray and dense, essentially nonporphyritic, but with very rare phenocrysts 
of olivine up to about 1 mm. long. The texture is intergranular and locally slightly 
ophitic, and the average grain size is about 0.07 mm. The approximate mineral com- 
position (per cent) is: plagioclase 53, pyroxene 24, olivine 10, iron ore 12, apatite 1, 
and biotite <1. The plagioclase is zoned from calcic andesine to medium oligoclase; 
a few of the largest grains have cores of sodic labradorite. The composition of the 
plagioclase averages sodic andesine. The olivine has a negative sign and an optic 
axial angle close to 90°. The pyroxene is augite, with +2V = 60°+, and weak dis- 
persion. The biotite is brown with a slightly purplish tinge and crystallized late. 
The iron ore includes both ilmenite and magnetite, the latter being apparently the 
more abundant. 

One of the four slides examined contains a little calcite. The other three contain 
none, and the lack of CO, in the analysis indicates that very little or none was present 
in the sample analyzed. In the slide containing it, the calcite is almost entirely con- 
fined to zones less than 1 mm. wide, parallel to the poorly defined fluidal structure. 
It occupies irregular interstices between the other minerals, corresponding in position 
to late-crystallized feldspar in the rest of the rock. No alteration of the associated 
minerals could be detected. The calcite is probably primary, formed in a very late 
stage. A similar rock containing calcite which appears to be of primary origin was 
found on West Maui Volcano (Macdonald, 1942a, p. 316-317). 

SPECIMEN 6: This rock is a hornblende-bearing oligoclase andesite and is more salic 
than any other rock from Haleakala Volcano thus far analyzed. The specimen was 
collected on the western rim of Haleakala Crater at an altitude of 8700 feet, at the top 
of Leleiwi Pali (cliff) and 0.6 mile northeast of the Summit Rest House. The rock is 
medium gray and dense, with a few tabular phenocrysts of feldspar up to 7 mm. long, 
and rare small phenocrysts of hornblende. The presence of hornblende is in itself 
sufficient to make the rock remarkable, as it is found in only a few Hawaiian lavas. 
It is basaltic hornblende, pleochroic from brownish yellow to deep greenish brown. 
The feldspar phenocrysts are sodic labradorite, partly resorbed. One of the three 
slides studied contains a single phenocryst of a riebeckite-like amphibole, resembling 
that in the oligoclase andesites and trachytes of West Maui Volcano (Macdonald, 
1942a, p. 322). 
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The groundmass consists largely of poikilitic grains of feldspar containing smaller 
included grains of monoclinic pyroxene, olivine, iron ore, and apatite. Fluidal struc. 
ture is locally well developed. The larger feldspar grains are zoned from medium 
andesine to medium oligoclase. The predominant feldspar is medium oligoclase 
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Ficure 2.—Variation diagram of lavas of Haleakala Volcano 


(8 = 1.542). The optic axial angle of the feldspar is large, probably near 75°, but 


+he sign is positive, which is abnormal for plagioclase with this refractive index. In 
view of the large amount of orthoclase in the norm, it is believed that the oligoclase is 
potassic. A few small grains of feldspar with refractive index decidedly less than 1.54 
are probably potash feldspar. The grains of pyroxene are too small to yield useable 
interference figures. The iron ore is largely or entirely magnetite. A very few tiny 
flakes of brown biotite are present. The approximate proportions (per cent) of the 
various minerals are: hornblende < 1, plagioclase phenocrysts < 1, groundmass 
feldspar 55, pyroxene 28, olivine 4, iron ore 12, apatite 1, and biotite < 1. 


CHEMICAL ANALYSES 


In Table 1, columns 1 to 6 show the analyses of the specimens described. Column 
7 shows the analysis of augite phenocrysts from the same, flow as specimen 1 (Wash- 
ington and Merwin, 1922). 

Analysis 1, of picrite-basalt, closely resembles that of a similar augite-rich picrite- 
basalt in the Hana volcanic series, collected by Cross (1915, p. 29) at the base of 
Namanaokeakua Cone in Haleakala Crater. Analyses 2 to 5 are similar to analyses 
of other andesine andesites of Haleakala (Macdonald, 1942a, p. 309), and of Mauna 
Kea (Macdonald, in preparation; Washington, 1923, p. 490, 493). Analysis 6, of 
oligoclase andesite, falls within the range of composition of oligoclase andesites of 
Kohala Volcano, on the island of Hawaii (Macdonald, in preparation; Washington, 
1923, p. 478), but is poorer in silica and alkalies than the single analyzed specimen of 
oligoclase andesite from West Maui Volcano (Macdonald, 1942a, p. 334). Nepheline 
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is present in the norms of all six specimens, but in none of them has there been found 
modal nepheline or any other silica-deficient mineral except olivine. 

In Figure 2 are plotted all the available chemica! analyses of lavas of Haleakala 
Volcano. The earlier analyses have been summarized elsewhere (Macdonald, 1942a, 
p. 309). The alkali-lime index (the silica percentage at which the sum of potash plus 
soda equals the percentage of lime) is 48.7, placing the rock series in the alkalic group 
(Peacock, 1931). 
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